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DNA ME THYLTRANSF ERASE GENOMIC SEQUENCES 
AND ANT I SENSE OLIGONUCLEOTIDES 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to modulation of gene expression . 
In particular, the invention relates to modulation of gene 
expression of the gene encoding DNA methyltransf erase, and to 
modulation of gene expression that is regulated by the enzyme 
DNA methyltransf erase . 

Summary of the Related Art 

Modulation of gene expression has become an increasingly 
important approach to understanding various cellular processes 
and their underlying biochemical pathways. Such understanding 
enriches scientific knowledge and helps lead to new 
discoveries of how aberrancies in such pathways can lead to 
serious disease states. Ultimately, such discoveries can lead 
to the development of effective therapeutic treatments for 
these diseases. 

One type of cellular process that is of particular 
interest is how the cell regulates the expression of its 
g enes< Aberrant gene expression appears to be responsible for 
a wide variety of inherited genetic disorders, and has also 
been implicated in numerous cancers and other diseases. 
Regulation of gene expression is a complex process, and many 
aspects of this process remain to be understood. One of the 
mysteries of this process resides in the fact that while the 
genetic information is the same in all tissues that constitute 
a multicellular organism, the expression of functions encoded 
by the genome varies significantly in different tissues. 
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In some cases, tissue-specific transcription factors are 
known to play a role in this phenomenon. (See Maniatis et 
al., Science 236 : 1237-1245 (1987);. Ingarham et al., Annual 
Review of Physiology 52: 773-791 (1990) . However, several 
5 important cases exist that cannot be readily explained by the 
action of transcription factors alone. For example, Midgeon, 
Trends Genet. 10: 230-235 (1994), teaches that X-inactivation 
involves the inactivation of an allele of a gene that resides 
on the inactive X-chromosome, while the allele on the active 

10 X-chromosome continues to be expressed. In addition, Peterson 
and Sapienza, Annu. Rev. Genet. £7: 7-31 (1993), describes 
"parental imprinting" , where an allele of a gene that is 
inherited from one parent is active and the other allele 
inherited from the other parent is inactive. In both of these 

15 cases, both alleles exist in an environment containing the 
same transcription factors, yet one allele is expressed and 
the other is silent. Thus, something other than transcription 
factors must be involved in these phenomena. 

Investigators have been probing what type of "epigenetic 

20 information" may be involved in this additional control of the 
expression pattern of the genome. Holliday, Philos. Trans. R. 
Soc. Lond. B. Biol. Sci. !2£: 329-338 (1990) discusses the 
possible role for DNA methylation in such epigenetic 
inheritance. DNA contains a set of modifications that is not 

25 encoded in the genetic sequence, but is added covalently to 
DNA using a different enzymatic machinery. These 
modifications take the form of methylation at the 5 position 
of cytosine bases in CpG dinucleotides . Numerous studies have 
suggested that such methylation may well be involved in 

30 regulating gene expression, but its precise role has remained 
elusive. For example, Lock et al., Cell 4&: 39-46 (1987), 
raises questions about whether the timing of hypermethylation 
and X-inactivation is consistent with a causal role for 
methylation. Similarly, Bartolomei et al . , Genes Dev. 2: 

35 1663-1673 (1993) and Brandeis et al., EMBO J. 12: 3669-3677 
(1993), disclose timing/ causation questions for the role of 
methylation in parental imprinting. 
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Some of the shortcomings of existing studies of the role 
of DNA methylation in gene expression reside in the tools that 
are currently available for conducting the studies. Many 
studies have employed 5-azaC to inhibit DNA methylation. 
However, 5-azaC is a nucleoside analog that has multiple 
effects on cellular mechanisms other than DNA methylation, 
thus making it difficult to interpret data obtained from these 
studies. Similarly, 5-azadC forms a mechanism based inhibitor 
upon integration into DNA, but it can cause trapping of DNA 
methyltransf erase (hereinafter, DNA MeTase) molecules on the 
DNA, resulting in toxicities that may obscure data 
interpretation . 

More recently, Szyf et al., J. Biol. Chem. 2£7: 12831- 
12836 (1995) , discloses a more promising approach using 
expression of antisense RNA complementary to the DNA MeTase 
gene to study the effect of methylation on cancer cells. Szyf 
and von Hofe, U.S. Patent No. 5, 578,716, discloses the use of 
antisense oligonucleotides complementary to the DNA MeTase 
gene to inhibit tumorigenicity . These developments have 
provided powerful new tools for probing the role of 
methylation in numerous cellular processes. In addition, they 
have provided promising new approaches for developing 
therapeutic compounds that can modulate DNA methylation. One 
limitation to these approaches is that their effect is not 
immediate, due to the half life of DNA MeTase enzyme. Thus, 
although the expression of DNA MeTase is modulated, residual 
DNA MeTase enzyme can continue to methylate DNA until such 
residual enzyme is degraded. Polysome-associated DNA MeTase 
mRNA may also persist for some time, allowing additional 
translation to produce additional DNA MeTase enzyme. There 
is, therefore, a need for new antisense oligonucleotides which 
can act against intron regions of DNA MeTase RNA in the 
nucleus before its processing and association with polysomes. 
The development of such oligonucleotides will require 
obtaining sequence information about the non-coding regions of 
DNA MeTase RNA. 



WO 98/54313 PCT/IB98/01 107 



BRIEF SUMMARY OF THE INVENTION 

The invention provides recombinant nucleic acids 
comprising nucleic acid sequences from the genomic DNA 
methyl transferase gene (DNA MeTase) . The invention also 
5 provides recombinant nucleic acids comprising nucleic acid 
sequences complementary to the genomic DNA MeTase gene. The 
invention further provides sequence information for such 
nucleic acid sequences. In addition, the invention provides 
antisense oligonucleotides complementary to special target 
10 regions of the genomic DNA MeTase gene or its RNA transcript. 
Finally, the invention provides methods for using such 
antisense oligonucleotides as analytical and diagnostic tools, 
as potentiators of transgenic plant and animal studies and for 
gene therapy approaches, and as potential therapeutic agents. 

15 In a first aspect, the invention provides novel 

recombinant nucleic acid sequences comprising at least one 
nucleotide sequence selected from the nucleotide sequences of 
the genomic DNA MeTase gene. The sequence of the sense strand 
of the genomic DNA MeTase gene is shown in Figure 1. The 

20 nucleotide sequence of the sense strand of the DNA MeTase gene 
is also set forth in the Sequence Listings as SEQ ID NO 1, SEQ 
ID NO 2, SEQ ID NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO 6, 
SEQ ID NO 7, SEQ ID NO 8, SEQ ID NO 9, SEQ ID NO 10, SEQ ID NO 
11, SEQ ID NO 12, SEQ ID NO 13, SEQ ID NO 14, SEQ ID NO 15, 

25 SEQ ID NO 16, SEQ ID NO 17, SEQ ID NO 18, SEQ ID NO 19, SEQ ID 
NO 20, SEQ ID NO 21, SEQ ID NO 22, SEQ ID NO 23, SEQ ID NO 24, 
SEQ ID NO 25, SEQ ID NO 26, SEQ ID NO 27, SEQ ID NO 28, SEQ ID 
NO 29, SEQ ID NO 30, SEQ ID NO 31, SEQ ID NO 32, SEQ ID NO 33, 
SEQ ID NO 34, SEQ ID NO 35, SEQ ID NO 36, SEQ ID NO 37, and 

30 SEQ ID NO 38, 

In a second aspect, the invention provides novel 
recombinant nucleic acid sequences complementary to at least 
one nucleotide sequence selected from the nucleotide sequences 
set forth in the Sequence Listings as SEQ ID NO 1, SEQ ID NO 
35 2, SEQ ID NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO 6, SEQ ID 
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NO 7 , SEQ ID NO 8, SEQ ID NO 9, SEQ ID NO 10, SEQ ID NO 11, 
SEQ ID NO 12, SEQ ID NO 13, SEQ ID NO 14, SEQ ID NO 15, SEQ ID 
NO 16, SEQ ID NO 17, SEQ ID NO 18, SEQ ID NO 19, SEQ ID NO 20, 
SEQ ID NO 21, SEQ ID NO 22, SEQ ID NO 23, SEQ ID NO 24, SEQ ID 
5 NO 25, SEQ ID NO 26, SEQ ID NO 27, SEQ ID NO 28, SEQ ID NO 29, 
SEQ ID NO 30, SEQ ID NO 31, SEQ ID NO 32, SEQ ID NO 33, SEQ ID 
NO 34, SEQ ID NO 35, SEQ ID NO 36, SEQ ID NO 37, and SEQ ID NO 
38. 

In a third aspect, the invention provides antisense 
10 oligonucleotides which inhibit the expression of DNA MeTase. 

Such antisense oligonucleotides are complementary to a special 
target region of RNA or double- stranded DNA that encodes DNA 
MeTase. Preferably, such antisense oligonucleotides contain 
one or more modified internucleoside linkage and may 
15 optionally contain either deoxyribonucleosides, 

ribonucleosides or 2 1 -O-substituted ribonucleosides, or any 
combination thereof* Particularly preferred antisense 
oligonucleotides according to this aspect of the invention 
include chimeric oligonucleotides and hybrid oligonucleotides. 

20 In a fourth aspect, the invention provides a method for 

investigating the role of DNA MeTase in cellular growth, 
including the growth of tumor cells. In the method according 
to this aspect of the invention, the cell type of interest is 
contacted with an antisense oligonucleotide according to the 

25 invention, resulting in inhibition of expression of DNA MeTase 
in the cell. The antisense oligonucleotides can be 
administered at different points in the cell cycle, or in 
conjunction with promoters or inhibitors of cell growth to 
determine the role of DNA MeTase in the growth of the cell 

30 type of interest. 

In a fifth aspect, the invention provides methods for 
inhibiting tumor growth comprising administering to a mammal, 
including a human, antisense oligonucleotides according to the 
invention. In the method according to this aspect of the 
35 invention a therapeutically effective amount of an antisense 
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oligonucleotide according to the invention is administered for 
a therapeutically effective period of time to a mammal, 
including a human, which has tumor cells present in its body. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the nucleotide sequence for the sense 
strand of the DNA MeTase gene comprising the nucleotide acid 
sequences set forth in the Sequence Listings as SEQ ID NO 1, 
SEQ ID NO 2, SEQ ID NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO 
6, SEQ ID NO 7, SEQ ID NO 8, SEQ ID NO 9, SEQ ID NO 10, SEQ ID 
NO 11, SEQ ID NO 12, SEQ ID NO 13, SEQ ID NO 14, SEQ ID NO 15, 
SEQ ID NO 16, SEQ ID NO 17, SEQ ID NO 18, SEQ ID NO 19, SEQ ID 
NO 20, SEQ ID NO 21, SEQ ID NO 22, SEQ ID NO 23, SEQ ID NO 24, 
SEQ ID NO 25, SEQ ID NO 26, SEQ ID NO 27, SEQ ID NO 28, SEQ ID 
NO 29, SEQ ID NO 30, SEQ ID NO 31, SEQ ID NO 32, ,SEQ ID NO 33, 
SEQ ID NO 34, SEQ ID NO 35, SEQ ID NO 36, SEQ ID NO 37, and 
SEQ ID NO 38. Nucleotides in coding regions are identified as 
bold characters. Subscript numbers correspond to the DNA 
MeTase cDNA numbering of Yen et al . (Nucleic Acids Res. 9: 
2287-2291 (1992)and Yoder et al. (J. Biol. Chem. 271: 31092- 
31097 (1996)). Preferred special target regions are 
underlined. 

Figure 2 are representations of autoradiographs (panels 
A, B and D) and Western blots (panel C) in an experiment to 
identify complex formation between the oligonucleotides of the 
invention and DNA MeTase enzyme. Complex formation was 
reversed by boiling, and was independent of SAM. 

Figure 3 is a graphic representation showing the ability 
of representative, nonlimiting, synthetic oligonucleotides of 
the invention to inhibit DNA MeTase activity in the nuclear 
extracts . 

Figure 4 Panel (A) (Physical map and cloned genomic 
inserts of the human DNA MeTase gene) shows the restriction 
map and phage clones of the human DNA MeTase gene. The cDNA 
probes used for screening are indicated by arrows under the 
lines representing the genomic fragments contained in the 
phages (the name of each phage is indicated above the line) 
identified by each of 
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the probes. The numbers under the arrow indicate the 5' and 
3' ends of the cDNA sequences included in each of the probes. 
The cDNA is numbered as in Yoder et al., 1996. Genomic 
inserts were isolated from the phages by NotI digestion and 
sub-cloned into NotI linearized pBluescript SK+. Sub-clones 
were digested with restriction endonucleases (X = Xba 1, B = 
Bam HI, H = Hind III) Southern blotted and hybridized to exon 
specific "P labelled oligodeoxyribonucleotides or cDNA probes 
to produce a scale restriction map of the human DNA MeTase 
gene. 

Figure 4 Panel (B) is a schematic representation showing 
the exon-intron structure of the human DNA MeTase gene. 
Sub-clones shown in panel (A) were exon sequenced to 
determine exon-intron boundaries. Exons are depicted as 
vertical bars and numbered above, introns as thick horizontal 
bars. Regions containing exons coding for specific function 
domains are depicted, NLS = nuclear localisation signal, FTR = 
replication foci targeting region, Zn = zinc binding domain, 
AdoMet Binding = S-adenosyl -methionine binding motif, Pro-Cys 
= proline-cysteine catalytic motif, Catalytic Domain = region 
conserved in all CpG me thyl trans f erases . Exonal location of 
proposed initiation codons = ATG. 

Figure 4 Panel (C) shows the positions of exons 
determined by PCR analysis and verified by Southern blot 
analysis. The fragments encoding the different segments of 
the human DNA MeTase mRNA were visualized by hybridization to 
the following cDNA probes: 1. A probe bearing the first 
exon. 2. A probe bearing exons 3-5 (starting spanning 
nucleotides 415-740 of the known cDNA) 3. A probe bearing 
exons 7-20 4. A probe spanning exons 30-40. The cDNA probes 
are indicated under the map of the exon-intron structure, the 
dashed lines delineate the boundaries of exons spanned by each 
of the probes. The fragments visualized by each of the 
restriction enzymes are indicated by different shaded arrows. 
The size of the visualized fragments is indicated next to the 
arrows. The size of the fragments visualized by each of the 
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probes corresponds to the size predicted by the restriction 
enzyme analysis of the genomic phages. 

Figure 5 is a schematic representation showing the 
5 exon-intron boundaries of the human DNA MeTase gene and the 
exonic organization of the sequences corresponding to the 
known human mRNA (Yen et al.,1992: Yoder et al., 1996). The 
intron-exon boundaries were determined by exon sequencing of 
the genomic fragments described in figure4 Panel (A). The 

10 intronic sequences flanking the boundaries are presented. 

Conserved splice acceptor (3' intron) and donor (5' intron) 
sites are depicted in bold. NLS = nuclear localisation signal 
(cDNA location : 817-874), FTR = replication foci targeting 
sequence (cDNA location : 1195-1938), Zn = zinc binding domain 

15 (cDNA location : 2194-2310), AdoMet = S-adenosyl-methionine 
binding motif (cDNA location : 3670-3687), Pro-Cys = 
proline-cysteine catalytic motif (cDNA location : 3910-3915 in 
domain IV), domain VI (cDNA location : 4003-4065), domain VIII 
(cDNA location : 4123-4197), domain IX (cDNA location : 

20 4863-4935), domain X (cDNA location : 4948-5022) 

Catalytic Domain = region conserved in cytosine- 5 
methyltransf erases (cDNA location : 3649-5083). Numbering of 
the nucleotides of the human DNA MeTase cDNA is as in (Yoder 
et al., 1996) . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The invention relates to modulation of gene expression. 
In particular, the invention relates to modulation of gene 
expression of the gene encoding DNA methyltransf erase (DNA 
MeTase) , and to modulation of gene expression that is 
regulated by the enzyme DNA MeTase. The patents and 
publications identified in this specification are within the 
knowledge of those skilled in this field and are hereby 
incorporated by reference in their entirety. 

The invention provides recombinant nucleic acids 
comprising nucleic acid sequences from the genomic DNA MeTase 
gene. The invention further provides sequence information for 
such nucleic acid sequences. In addition, the invention 
provides antisense oligonucleotides complementary to regions 
of the genomic DNA MeTase gene or its RNA transcript which 
could not be targeted in the absence of such information. 
Finally, the invention provides methods for using such 
antisense oligonucleotides as analytical and diagnostic tools, 
as potentiators of transgenic plant and animal studies and 
gene therapy approaches, and as potential therapeutic agents. 

In a first aspect, the invention provides novel 
recombinant nucleic acid sequences comprising at least one 
nucleotide sequence selected from the nucleotide sequences of 
the genomic DNA MeTase gene. The sequence of the sense strand 
of the genomic DNA MeTase is shown in Figure 1. Coding 
regions are identified as bold sequences. 

In one preferred embodiment, the recombinant DNA molecule 
according to the invention comprises at least one nucleotide 
sequences selected from the nucleotide sequences shown in 
Figure 1 and corresponding to Sequence Listings SEQ ID NO 1, 
SEQ ID NO 2, SEQ ID NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO 
6, SEQ ID NO 7, SEQ ID NO 8, SEQ ID NO 9, SEQ ID NO 10, SEQ ID 
NO 11, SEQ ID NO 12, SEQ ID NO 13, SEQ ID NO 14, SEQ ID NO 15, 
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SEQ ID NO 16, SEQ ID NO 17, SEQ ID NO 18, SEQ ID NO 19, SEQ ID 
NO 20, SEQ ID NO 21, SEQ ID NO 22, SEQ ID NO 23, SEQ ID NO 24, 
SEQ ID NO 25, SEQ ID NO 26, SEQ ID NO 27, SEQ ID NO 28, SEQ ID 
NO 29, SEQ ID NO 30, SEQ ID NO 31, SEQ ID NO 32, SEQ ID NO 33, 
SEQ ID NO 34, SEQ ID NO 35, SEQ ID NO 36, SEQ ID NO 37, and 
SEQ ID NO. 38 in a replicatable vector. As used herein, the 
term "replicatable vector" designates a nucleic acid vector 
able to replicate in at least one cell type. Many such 
replicatable vectors are well known in the art (see e.g., 
Molecular Cloning, 2d Edition, Cold Spring Harbor Laboratory 
Press (1989)) . 

In an additional preferred embodiment, the recombinant 
DNA molecule according to the invention comprises nucleotide 
sequences complementary to at least a portion of the 
nucleotide sequence shown in Figure 1, and corresponding to at 
least one of the nucleotide sequences set forth as Sequence 
Listings SEQ ID NO 1, SEQ ID NO 2, SEQ ID NO 3, SEQ ID NO 4, 
SEQ ID NO 5, SEQ ID NO 6, SEQ ID NO 7, SEQ ID NO 8, SEQ ID NO 
9, SEQ ID NO 10, SEQ ID NO 11, SEQ ID NO 12, SEQ ID NO 13, SEQ 
ID NO 14, SEQ ID NO 15, SEQ ID NO 16, SEQ ID NO 17, SEQ ID NO 
18, SEQ ID NO 19, SEQ ID NO 20, SEQ ID NO 21, SEQ ID NO 22, 
SEQ ID NO 23, SEQ ID NO 24, SEQ ID NO 25, SEQ ID NO 26, SEQ ID 
NO 27, SEQ ID NO 28, SEQ ID NO 29, SEQ ID NO 30, SEQ ID NO 31, 
SEQ ID NO 32, SEQ ID NO 33, SEQ ID NO 34, SEQ ID NO 35, SEQ ID 
NO 36, SEQ ID NO 37, and SEQ ID NO 38 in a replicatable 
vector. 

In another preferred embodiment, the replicatable vector 
is an expression vector. The term "expression vector" refers, 
in one embodiment, to a replicatable vector able to support 
the translation of part or all of its sequences into one or 
more peptides. The expression vector of this invention may 
replicate autonomously in the host cell, or may become 
integrated into the host cell DNA. The expression vector can 
be used to transform a host cell which is capable of 
expressing the nucleotide sequence shown in Figure 1. 
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In yet another preferred embodiment, the term expression 
vector refers to a vector capable of supporting the 
transcription of part or all of its sequences into one or more 
transcripts. The vector according to this embodiment of the 
invention may replicate autonomously in the host cell, or may 
become integrated into the host cell DMA. The vector can be 
used to transform a host cell which is capable of 
transcription of the nucleotide sequence complementary to the 
nucleotide sequence shown in Figure 1. Preparation of 
recombinant DNA molecules and expression vectors and their use 
to transform host cells is well known in the art (see e.g., 
Molecular Cloning, 2d Edition, Cold Spring Harbor Laboratory 
Press (1989) ) . 

In yet another embodiment, the invention also provides a 
host cell comprising recombinant DNA molecules according to 
the invention. According to this invention the term "host 
cell" refers to a cell which expresses the nucleotide 
sequences according to this invention. 

This first aspect of the invention further provides a 
method for preparing DNA MeTase enzyme or a fragment thereof. 
The method according to this aspect of the invention comprises 
culturing a host cell in an appropriate culture media to 
express the nucleotide sequences according to the invention. 
Consequently, the host cell of the invention produces DNA 
MeTase enzyme or a fragment thereof, which may be conveniently 
separated from the host cell and the culture media by affinity 
binding, as described in detail in this specification. 
Fragments of DNA MeTase enzyme can then be used to produce 
antibodies specific for epitopes of DNA MeTase enzyme, 
according to standard immunological procedures. Such 
antibodies can be used to purify DNA MeTase enzyme, or to 
quantify it in conventional immunological assays . 

In a second aspect, the invention provides a novel 
recombinant nucleic acid molecule comprising nucleic acid 
sequences complementary to at least part of the genomic DNA 
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MeTase gene. The sequence of the sense strand of the genomic 
DMA MeTase is shown in Figure 1. Coding regions are 
identified as bold sequences. For purposes of the invention, 
,, contplementary u means being sufficiently complementary to have 
the ability to hybridize to a genomic region, a gene, or an 
RNA transcript thereof under physiological conditions. Such 
hybridization is ordinarily the result of base-specific 
hydrogen bonding between complementary strands, preferably to 
form Watson-Crick or Hoogsteen base pairs, although other 
modes of hydrogen bonding, as well as base stacking can also 
lead to hybridization. As a practical matter, such 
complementarity can be inferred from the observation of 
specific DNA MeTase gene expression inhibition. 

In one preferred embodiment, the recombinant DNA molecule 
according to the invention comprises nucleotide acid having a 
sequence complementary to at least part of the nucleotide 
sequences shown in Figure 1, and complementary to at least one 
of the nucleotide sequences set forth in the Sequence Listings 
as SEQ ID NO 1, SEQ ID NO 2, SEQ ID NO 3, SEQ ID NO 4, SEQ ID 
NO 5, SEQ ID NO 6, SEQ ID NO 7, SEQ ID NO 8, SEQ ID NO 9, SEQ 
ID NO 10, SEQ ID NO 11, SEQ ID NO 12, SEQ ID NO 13, SEQ ID NO 
14, SEQ ID NO 15, SEQ ID NO 16, SEQ ID NO 17, SEQ ID NO 18, 
SEQ ID NO 19, SEQ ID NO 20, SEQ ID NO 21, SEQ ID NO 22, SEQ ID 
NO 23, SEQ ID NO 24, SEQ ID NO 25, SEQ ID NO 26, SEQ ID NO 27, 
SEQ ID NO 28, SEQ ID NO 29, SEQ ID NO 30, SEQ ID NO 31, SEQ ID 
NO 32, SEQ ID NO 33, SEQ ID NO 34, SEQ ID NO 35, SEQ ID NO 36, 
SEQ ID NO 37, and SEQ ID NO 38 in a replicatable vector. In 
another preferred embodiment the replicatable vector is an 
expression vector. The replicatable vectors and expression 
vectors appropriate for this aspect of the invention are 
generally the same well known materials as discussed for the 
first aspect of the invention. 

In yet another embodiment, the invention provides a host 
cell comprising recombinant DNA molecules according to the 
invention. This second aspect of the invention further 
provides a method for inhibiting DNA MeTase enzyme expression 
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in a transf ected cell or transgenic animal . The method 
according to this aspect of the invention comprises culturing 
a host cell in an appropriate culture media to express the 
nucleotide sequences according to this aspect of the 
invention. Consequently, the host cell of the invention 
produces decreased levels of DNA MeTase enzyme. 

In a third aspect, the invention provides antisense 
oligonucleotides which inhibit the expression of DNA MeTase. 
Such antisense oligonucleotides are complementary to a special 
target region of RNA or double-stranded DNA that encodes DNA 
MeTase . 

The term "special target region" is used to denote 
sequences which could not be targeted without the sequence 
information provided by the invention. In particular, such 
special target regions comprise a portion of the non-coding 
region of the nucleic acid shown in Figure 1. Most 
preferably, such special target region comprises from about 2 
to about 50 nucleotides of such noncoding sequences. Such 
special target regions include, without limitation, intronic 
sequences, untranslated 5' and 3' regions as well as intron- 
exon boundaries from the DNA methyl transf erase gene. In 
certain embodiments, said target region may further comprise 
coding regions from the DNA MeTase gene. 

Preferred non-limiting examples of antisense 
oligonucleotides complementary to special target regions of 
RNA or double- stranded DNA encoding DNA MeTase according to 
the invention are shown in Table 1. Additional preferred 
oligonucleotides complementary to such special target regions 
have nucleotide sequences of from about 21 to about 35 
nucleotides which include the nucleotide sequences shown in 
Table 1. Yet additional preferred oligonucleotides 
complementary to such special target regions have nucleotide 
sequences of from about 13 to about 19 nucleotides of the 
nucleotide sequences shown in Table 1. 



14 



WO 98/54313 



PCT/IB98/01107 



TABLE 1 



SEQ. 
ID NO. 


SEQUENCE 


TARGET (*) 


39 


5 ' AGA ACT GAC TTA CCT CGG AT 3 ' 


222 


40 


5 ' AGG GTG GGT CTG TGG GAG CA 3 ' 


1039 


41 


5 ' CAG TAC ACA CTA GAC AGG AA 3 ' 


1230 


42 


5 ' CAC ACT TAC AGG TGC TGA AG 3 ' 


1441 


43 


5 ' GAT CTC TTA CCT CGA TCT TG 3 ' 


1593 


44 


5 ' CGC ATC CTT ACC TCT GTC CC 3 ' 


1782 


45 


5 ' GGT GAG GTT ACC TCA CAG AC 3 ' 


1968 


46 


5 ' GGC CTG ACC TAC CTC CGC TC 3 ' 


2066 


47 


5 1 CCA AGG GTT ACC TTG ACG GC 3 ' 


2214 


48 


5 1 AAA GAT GCA AAC CTT GCT AG 3 ' 


2330 


49 


5 ' TCC ATG CCT CCC TTG GGT AG 3 1 


2536 


50 


5 ' CCA GTG CTC ACT TGA ACT TG 3 ' 


2669 


51 


5' ACA CAG AAT CTG AAG GAA AC 3' 


2670 


52 


5 ' AGC TTG ATG CTG CAG AGA AG 3 ' 


2844 


53 


5 ' CAG • GGG CAC CAC CTC GAG GA 3 ' 


3258 


54 


5 * CTT GCC CTT CCC TGG GGG AG 3 ' 


3344 


55 


5' ACG GCC GCT CAC CTG CTT GG 3' 


3473 


56 


5 1 TCC CGG CCT GTG GGG GAG AA 3 ' 


3898 


57 


5 ' GGG CCA CCT ACC TGG TTA TG 3 ' 


4064 


58 


5 ' GGG TGC CAT TAC CTT ACA GA 3 ' 


4242 


59 


5 ' ACA GGA CCC ACC TTC CAC GC 3 1 


4438 


60 


5 1 GCA CGC GGC CCT GGG GGA AA 3 ' 


4606 


61 


5 ' GCC CCA CTG ACT GCC GGT GC 3 ' 


4722 


62 


5 ' CCC GGG TGG TAT GCC GTG AG 3 ' 


4809 


63 


5 ' CTG CTC TTA CGC TTA GCC TC 3 ' 


442 


64 


5 ' GAA GGT TCA GCT GTT TAA AG 3 ' 


443 


65 


5 ' GTT TGG CAG GGC TGT CAC AC 3 ' 


519 
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SEQ. 

tt\ Kin 


SEQUENCE 


TARGET (*) 


66 


5 ' CTG GCC CTA CCT GGT CTT TG 3 ' 


597 


67 


5 ' CTA GCA ACT CTG TCA AGC AA 3 ' 


633 


68 


5 ' TAG AGC TTT ACT TTT TCA TC 3 ' 


717 


69 


5 ' GTT TGG GTG TTC TGT CAC AG 3 ' 


753 


70 


5 1 GTT TGG CAG CTC TGC AGG GT 3 ' 


876 . 



For purposes of the invention, the term "oligonucleotide" 
includes polymers of two or more deoxyribonucleosides , 
ribonucleosides, or 2 • -O-substituted ribonucleoside residues, 

10 or any combination thereof. Preferably, such oligonucleotides 
have from about 8 to about 50 nucleoside residues, and most 
preferably from about 12 to about 30 nucleoside residues. The 
nucleoside residues may be coupled to each other by any of the 
numerous known internucleoside linkages. Such internucleoside 

15 linkages include without limitation phosphorothioate, 

phosphorodithioate , alkylphosphonate , alkylphosphono thioate , 
phospho tries ter , phosphoramidate , s iloxane , carbonate , 
carboxymethylester, acetamidate, carbamate, thioether, bridged 
phosphoramidate, bridged methylene phosphonate, bridged 

20 phosphorothioate and sulfone internucleotide linkages. In 

certain preferred embodiments, these internucleoside linkages 
may be phosphodiester # phosphotriester, phosphorothioate, or 
phosphoramidate linkages, or combinations thereof. The term 
oligonucleotide also encompasses such polymers having 

25 chemically modified bases or sugars and/ or having additional 
substituents, including without limitation lipophilic groups, 
intercalating agents, diamines and adamantane. For purposes 
of the invention the term "2 • -O-substituted" means 
substitution of the 2 • position of the pentose moiety with an 

30 -O-lower alkyl group containing 1-6 saturated or unsaturated 
carbon atoms, or with an -O-aryl or allyl group having 2-6 
carbon atoms, wherein such alkyl, aryl or allyl group may be 
unsubstituted or may be substituted, e.g., with halo, hydroxy, 
trifluoromethyl, cyano, nitro, acyl, acyloxy, alkoxy, 
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carboxyl, carbalkoxyl, or amino groups; or such 2' 
substitution may be with a hydroxy group (to produce a 
ribonucleoside) , an amino or a halo group, but not with a 2 ' -H 
group . 

Particularly preferred antisense oligonucleotides 
according to this aspect of the invention include chimeric 
oligonucleotides and hybrid oligonucleotides. 

For purposes of the invention, a "chimeric 
oligonucleotide a refers to an oligonucleotide having more than 
one type of internucleoside linkage. One preferred embodiment 
of such a chimeric oligonucleotide is a chimeric 
oligonucleotide comprising a phosphor othioate, phosphodiester 
or phosphor odithioate region, preferably comprising from about 
2 to about 12 nucleotides, and an alkylphosphonate or 
alkylphosphonothioate region. Preferably, such chimeric 
oligonucleotides contain at least three consecutive 
internucleoside linkages selected from phosphodiester and 
phosphorothioate linkages, or combinations thereof. 

For purposes of the invention, a "hybrid oligonucleotide" 
refers -to an oligonucleotide having more than one type of 
nucleoside. One preferred embodiment of such a hybrid 
oligonucleotide comprises a ribonucleotide or 2 ■ -O-substituted 
ribonucleotide region, preferably comprising from about 2 to 
about 12 2 ' -O-substituted nucleotides, and a 
deoxyribonucleotide region. Preferably, such a hybrid 
oligonucleotide will contain at least three consecutive 
deoxyribonucleosides and will also contain ribonucleosides, 
2 ' -O-substituted ribonucleosides, or combinations thereof. 

The exact nucleotide sequence and chemical structure of 
an antisense oligonucleotide according to the invention can be 
varied, so long as the oligonucleotide retains its ability to 
inhibit DNA MeTase expression. This is readily determined by 
testing whether the particular antisense oligonucleotide is 
active in a DNA MeTase enzyme assay, a soft agar growth assay, 
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or an in vivo tumor growth assay, all of which are described 
in detail in this specification. 

Antisense oligonucleotides according to the invention may 
conveniently be synthesized on a suitable solid support using 
5 well known chemical approaches, including H-phosphonate 

chemistry, phosphoramidite chemistry, or a combination of H- 
phosphonate chemistry and phosphoramidite chemistry (i.e., H- 
phosphonate chemistry for some cycles and phosphoramidite 
chemistry for other cycles) . Suitable solid supports include 
10 any of the standard solid supports used for solid phase 
oligonucleotide synthesis, such as controlled-pore glass 
(CPG) . (See, e.g., Pon, Methods in Molec. Biol. 20: 465 
(1993) ) . 

Antisense oligonucleotides according to the invention are 
15 useful for a variety of purposes. For example, they can be 
used as "probes" of the physiological function of DNA MeTase 
by being used to inhibit the activity of DNA me thly trans f erase 
in an experimental cell culture or animal system and to 
evaluate the effect of inhibiting such DNA MeTase activity. 
20 This is accomplished by administering to a cell or an animal 
an antisense oligonucleotide according to the invention and 
observing any phenotypic effects. In this use, antisense 
oligonucleotides according to the invention are preferable to 
traditional "gene knockout" approaches because they are easier 
25 to use and can be used to inhibit DNA MeTase activity at 
selected stages of development or differentiation. Thus, 
antisense oligonucleotides according to the invention can 
serve as probes to test the role of DNA methylation in various 
stages of development. 

30 Finally , antisense oligonucleotides according to the 

invention are useful in therapeutic approaches to benign and 
malignant tumors and other human diseases involving 
suppression of gene expression. The anti- tumor utility of 
antisense oligonucleotides according to the invention is 

35 described in detail elsewhere in this specification. In 
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addition, antisense oligonucleotides according to the 
invention may be used to activate silenced genes to provide a 
missing gene function and thus ameliorate disease symptoms. 
For example, the diseases beta thalassemia and sickle cell 
anemia are caused by aberrant expression of the adult beta 
globin gene. Most individuals suffering from these diseases 
have normal copies of the fetal gene for beta globin. 
However, the fetal gene is hypermethylated and is silent. 
Activation of the fetal globin gene could provide the needed 
globin function, thus ameliorating the disease symptoms. 

For therapeutic use, antisense oligonucleotides 
according to the invention may optionally be formulated with 
any of the well known pharmaceutical ly acceptable carriers or 
diluents. This formulation may further contain one or more 
DNA MeTase inhibitor and/ or one or more additional anti-DNA 
MeTase antisense oligonucleotide or it may contain any other 
pharmacologically active agent. 

In a fourth aspect, the invention provides a method for 
investigating the role of DNA MeTase in cellular growth, 
including the growth of tumor cells. In the method according 
to this aspect of the invention, the cell type of interest is 
contacted with an antisense oligonucleotide according to the 
invention, resulting in inhibition of expression of DNA MeTase 
in the cell. The antisense oligonucleotides can be 
administered at different points in the cell cycle, or in 
conjunction with promoters or inhibitors of cell growth to 
determine the role of DNA MeTase in the growth of the cell 
type of interest. 

In a fifth aspect, the invention provides methods for 
inhibiting tumor growth comprising administering to an animal, 
including a human, antisense oligonucleotides according to the 
invention. In the method according to this aspect of the 
invention a therapeutically effective amount of an antisense 
oligonucleotide according to the invention is administered for 
a therapeutically effective period of time to an animal, 
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including a human, which has at least one tumor cell present 
in its body. 

As used herein the term "tumor growth" is used to refer 
to the growth of a tumor cell. A "tumor cell" is a neoplastic 
cell. A tumor cell may be benign, i.e. one that does not form 
metastases and does not invade and destroy adjacent normal 
tissue, or malignant, i.e. one that invades surrounding 
tissues, is capable of producing metastases, may recur after 
attempted removal, and is likely to cause death of the host. 

The terms "therapeutically effective amount" and 
"therapeutically effective period of time" are used to denote 
known treatments at dosages and for periods of time effective 
to reduce tumor cell growth. Preferably, such administration 
should be parenteral, oral, sublingual, transdermal, topical, 
intranasal or intrarectal. When administered systemically, 
the therapeutic composition is preferably administered at a 
sufficient dosage to attain a blood level of antisense 
oligonucleotide from about 0.01 /zM to about 10 fM. For 
localized administration, much lower concentrations than this 
may be effective, and much higher concentrations may be 
tolerated. Preferably, a total dosage of DNA MeTase inhibitor 
will range from about 0.1 mg oligonucleotide per patient per 
day to about 200 mg oligonucleotide per kg body weight per 
day. 

According to another embodiment, one or more of the 
oligonucleotides of the invention may be administered to an 
animal this aspect of the invention provides methods for 
inhibiting tumor growth comprising administering to an animal, 
including a human, more than one antisense oligonucleotide 
according to the invention either sequentially or 
simultaneously in a therapeutically effective amount and for a 
therapeutically effective period of time. 
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The following examples are intended to further illustrate 
certain preferred embodiments of the invention and are not 
limiting in nature. 



5 Example 1 

Inhibition of DNA MeTase Expression As Measured in Nuclear 
Extracts Prepared from Human or Murine Cells 
Nuclear extracts are prepared from 1 x 10 8 mid-log phase 
human H446 cells or mouse Yl cells which have been grown under 
10 standard cell culture conditions. Cells were treated with 
medium supplemented with 1 mg/ml of an antisense 
oligonucleotide complementary to a noncoding region of the DNA 
MeTase RNA transcript or a randomer (negative control) 
oligonucleotide. The cells are harvested and washed twice 
15 with phosphate buffered saline (PBS) , then the cell pellet is 
resuspended in 0.5 ml Buffer A (10 iriM Tris pH 8.0, 1.5 mM 
MgCl 2 , 5 mM KC1 2 , 0.5 mM DTT, 0.5 mM PMSF and 0.5% Nonidet P40) 
to separate the nuclei from other cell components. The nuclei 
are pelleted by centrifugation in an Eppendorf microfuge at 
20 2,000 RPM for 15 min at 4 °C. The nuclei are washed once in 
Buffer A and re-pelleted, then resuspended in 0.5 ml Buffer B 
(20 mM Tris pH 8.0, 0.25% glycerol, 1.5 mM MgCl 2 , 0.5 mM PMSF, 
0 . 2 mM EDTA 0 . 5 mM DTT and 0 . 4 mM NaCl ) . The resuspended 
nuclei are incubated on ice for 15 minutes then spun at 15,000 
25 RPM to pellet nuclear debris. The nuclear extract in the 

supernatant is separated from the pellet and used for assays 
for DNA MeTase activity. For each assay, carried out in 
triplicate, 3 fj,g of nuclear extract is used in a reaction 
mixture containing 0.1 /ig of a synthetic 33-base pair 
30 hemimethylated DNA molecule substrate with 0.5 //Ci S-[methyl- 

3 H] adenosyl-L-methionine (78.9 Ci/mmol) as the methyl donor in 
a buffer containing 20 mM Tris-HCl (pH 7.4), 10 mM EDTA, 25% 
glycerol, 0.2 mM PMSF, and 20 mM 2-mercaptoethanol . The 
reaction mixture is incubated for 1 hour at 37 °C to measure 
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the initial rate of the DNA MeTase. The reaction is stopped 
by adding 10% TCA to precipitate the DNA, then the samples are 
incubated at 4 °C for 1 hour and the TCA precipitates are 
washed through GFC filters (Fischer, Hampton, NH) . Controls 
5 are DNA incubated in the reaction mixture in the absence of 

nuclear extract, and nuclear extract incubated in the reaction 
mixture in the absence of DNA. The filters are laid in 
scintillation vials containing 5 ml of scintillation cocktail 
and tritiated methyl groups incorporated into the DNA are 

10 counted in a P -scintillation counter according to standard 

methods. To measure inhibition of DNA MeTase expression, the 
specific activity of the nuclear extract from oligonucleotide- 
treated cells is compared with the specific activity of the 
extract from untreated cells. Treatment of cells with 

15 antisense oligonucleotides of the invention results in 

reduction in DNA MeTase activity in the nuclear extract. 



Example 2 

Antisense Oligonucleo tide Accumulation in Cells 

20 Antisense oligonucleotides are labeled with 32 P using 

standard procedures. 300,000 Yl cells per well are plated in 
a six-well tissue culture plate. Labeled antisense 
oligonucleotides are added to a final concentration of 1 //M. 
Cells are harvested at different time points by trypsinization 

25 according to methods well known in the art, and washed 

extensively with PBS to remove nonincorporated compounds. The 
cell pellet is resuspended in 20 ^1 buffer RIPA (0.5% 
deoxycholic acid, 0.1% SDS, 1% NP-40, in PBS). The homogenate 
is incubated at 4 °C for 30 minutes, then spun in a microfuge 

30 at maximum speed for 30 minutes, after which the supernatant 
is transferred to a new tube. Two /il of supernatant are 
extracted with phenol-chloroform by adding 1 /il of phenol and 
1 jul of chloroform, the suspension is mixed and the organic 
and aqueous phases are separated by centrifugation in a 

35 microfuge for 10 minutes at 15,000 RPM. The aqueous phase is 
extracted and loaded onto a 20% polyacrylamide-urea gel. 



22 





WO 98/54313 



PCT/IB98/01107 



Visualization is by autoradiography. The results demonstrate 
that antisense oligonucleotides are taken up by the cells in a 
time-dependent manner. 



Nuclear extracts are prepared from randomer 
oligonucleotide- treated cells and from antisense 
oligonucleotide-treated cells (1 fM oligonucleotide) as 

10 described in Exan^>le 1, The DNA pellet is resuspended in 0.5 
ml DNA extraction buffer (0.15 M NaCl, 1% SDS, 20 mM Tris-HCl 
pH 8.0, 5 mM EDTA) , 100 /ig Proteinase K is added, and the 
suspension is incubated at 50 °C for 16 hours. The DNA is 
extracted in phenol-chloroform by adding 0.25 ml phenol and 

15 0.25 ml chloroform. The suspension is mixed and the organic 
and aqueous phases are separated by centrifugation in a 
microfuge for 10 minutes at 15,000 RPM. One ml absolute 
ethanol is added to the aqueous phase and the DNA is 
precipitated by centrifugation in a microfuge for 15 minutes 

20 at 15,000 RPM. The DNA pellet is washed in 70% ethanol and 

re-pelleted by centrifugation. The DNA is resuspended in 100 
//l 20 mM Tris-HCl pH 8.0, 1 mM EDTA. 

Two /zg DNA are incubated at 37 °C for 15 minutes with 0.1 
unit of DNase, 2.5 //l 32 P-cc-dGTP (3000 Ci/mmol, Amersham, 

25 (Cleveland, OH) and then 2 units Kornberg DNA Polymerase 

(Boehringer Mannheim, Mannheim, Germany) are added and the 
reaction mixture is incubated for an additional 25 minutes at 
30 °C. Fifty /zl H 2 0 are then added and nonincorporated 
radioactivity is removed by spinning through a Microspin S-300 

30 HR column (Pharmacia, Piscataway, NJ) . Labelled DNA (20 j/1) 
is digested with 70 /zg micrococcal nuclease (Pharmacia, 
Piscataway, NJ) in the manufacturer^ recommended buffer for 
10 hours at 37°C. Equal amounts of radioactivity are loaded 
onto TLC phosphocellulose plates (Merck, Darmstadt, Germany) 

35 and the 3" mononucleotides are separated by chromatography in 
one direction, in 66:33:1 isobutyric acid/H 2 0/NH 4 OH. The 



Example 3 



5 



Analysis of Cellular DNA M ethvlation in Cells 
Treated with Antisense Oligonucleotides 
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chroma tograms are exposed to XAR film (Eastman Kodak, 
Rochester, NY) and the autoradiograms are scanned by laser 
densitometry (Scanalytics, CSPI, Billerica, MA) . Spots 
corresponding to cytosine and 5-methylcytosine are quantified 
and the percentage of non-methylated CG dinucleotides is 
determined. The results are expected to demonstrate an 
overall reduction in the percentage of non-methylated CG 
dinucleotides in antisense oligonucleotide-treated cells, 
relative to randomer- treated cells . 

To assess demethylation of specific genes, a procedure is 
carried out as generally described in J. Biol. Chem. 27fi: 
12690-12696 (1995). Briefly, the genomic DNA (10 fig) is 
extracted and subjected to digestion by 25 units Hindlll, 
followed by digestion by either 25 units Mspl (CG methylation 
insensitive) or 25 units Hpall (CG methylation sensitive) for 
8 hours at 37°C. The digested DNA is separated on a 1.5% 
agarose gel and subjected to Southern blotting and 
hybridization with specific probes. The results are expected 
to show that genes which are ordinarily heavily methylated in 
the test cells become undermethylated, whereas the methylation 
levels for genes which are not ordinarily heavily methylated 
in the test cells are not significantly affected. 

Example 4 

Tnhibition of Tumor Growth Bv Antisense Oligonucleotides 

Yl or H446 cells are plated on a 6 well plate at a 
density of 80,000 cells/well. Antisense oligonucleotide 
phosphorothioates complementary to a DNA MeTase noncoding 
region (about 0.5 to 20 (M) are added to the cells. The cells 
are similarly treated daily for 7 days. Then, the cells are 
harvested and 3,000 live cells are plated in soft agar, for 
example, as described in Freedman and Shin, Cell 3_: 355-359 
(1974) . Two weeks after plating, the number of colonies 
formed in soft agar are scored by visual examination. In the 
case of active antisense oligonucleotides, a dose-dependent 
reduction in the number of colonies is observed. 
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Alternatively, 6 to 8 week old LAF-1 mice (Jackson Labs, 
Bar Harbor, ME) are injected subcutaneous ly in the flank area 
with 2 x 10 6 Yl cells. Three days later, the mice are injected 
with 1-5 mg/kg antisense oligonucleotide phosphorothioates 
conplementary to a DNA MeTase noncoding region. This dosing 
is repeated every two days. After one month, the mice are 
sacrificed and the tumor size is determined according to 
standard protocols, (see e.g., Ramchandani et al. Proc. Natl. 
Acad. SCI. USA 2£: 684-689 (1997) In the case of active 
antisense oligonucleotides, significant reduction in tumor 
size is observed, relative to controls treated with a 
randomized or a reverse antisense sequence. 

Example 5 

Affinity Binding of DNA MeTase Enzyme 

To demonstrate affinity binding of DNA MeTase enzyme, a 
binding substrate hairpin oligonucleotide having the sequence 
5 ' -CTGAAmCGGATmCGTTTCG ATCUGTTCAG - 3 1 was provided at 4 fjM 
concentration. The hairpin oligonucleotide was labeled using 
polynucleotide kinase and gamma 32 P-y-ATP (300 mCi/mmol, 50 
//Ci) (New England Biolabs, Beverly, MA) as recommended by the 
manufacturer. Labeled oligonucleotide was separated from 
nonincorporated radioactivity by passing through a G-50 
Sephadex spin column (Pharmacia, Uppsala, Sweden) . Labeled 
hairpin oligonucleotide (500 nM) was incubated with 5 fxg 
nuclear extract prepared as described in Example 1. The 
incubation, in the same buffer used for the DNA MeTase 
activity assay, was at 37 °C for 30 minutes. To determine 
whether complex formation was dependent on the cofactor SAM, 
the reaction was carried out both in the presence and the 
absence of SAM). Then, loading dye (0.3 M Tris-HCl pH 8.8, 
0.2% SDS, 10% glycerol, 28 mM 2-mercaptoethanol and 24 /xg/ml 
bromophenol blue) was added and the sample was separated on a 
5% SDS-polyacrylamide gel (SDS-PAGE) with a 4% stacking gel 
according to standard procedures. Following SDS-PAGE 
separation, the gel was exposed to autoradiography for 
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visualization of a complex migrating at 190 kDa. 
Alternatively, the gel was electrotransf erred onto a PVDF 
membrane (Amersham Life Sciences, Buckinghamshire, England) 
using a electrotransf er apparatus (BioRad, Hercules, CA) at 
5 250 milliamperes for 2.5 hours in electrotransfer buffer (3.03 
g/1 Tris base, 14.4 g/1 glycine, 1 g/1 SDS, pH 8.3) for 
Western blotting with a DNA MeTase-specif ic antisera. The 
membrane was blocked for 1 hour in a buffer containing 5 iriM . 
Tris base, 200 mM NaCl, 0.5% Tween-20 and 5% dry milk. Rabbit 

10 antisera was raised according to standard procedures (see 
e.g., Molecular Cloning, 2d Edition, Cold Spring Harbor 
Laboratory Press (1989)) against a peptide sequence found in 
the catalytic domain of human and murine DNA MeTase (amino 
acids GQRLPQKGDVEMLKGGPPC) . The antisera was added to the 

15 membrane at a 1:200 dilution and incubated for 1 hour. The 
membrane was washed with the blocking buffer, then reacted 
with a 1:5000 dilution of goat anti-rabbit secondary antibody 
(Amersham, Cleveland, Ohio) for an additional hour. The 
membrane was then washed for 10 minutes in blocking buffer, 

20 three times, and bands reacting with anti-DMA MeTase antibody 
were visualized using an ECL detection kit according to the 
manufacturer protocols (Amersham, Cleveland, Ohio) . 

The results demonstrated that a 190 kDa complex is 
detected by both autoradiography and Western blotting (see 

25 FIG. 2), strongly indicating that the 190 kDa complex is 
formed between the hairpin oligonucleotide and DNA MeTase 
enzyme. Subsequent experiments using antisera raised against 
another peptide sequence found in the catalytic domain of 
human and murine DNA MeTase (amino acids GGPPCQGFSGMNRFNSRTY 

30 (see, Ramchandani et al. supra) confirmed the same results. 

These results further demonstrated that such complex formation 
is independent of the cof actor SAM since none was present. 
Furthermore, data showed that complex formation is achieved 
within 30 minutes, thus suggesting that such complex formation 

35 provides an assay for the level of DNA MeTase in different 
cell sanples and a method to purify methyl transferase by 
affinity binding. 
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Example 6 
Analysis Treated Cells 
Enzymatic activity profiles were performed to quantitate 
the ability of the synthetic oligonucleotides of the present 
invention to inhibit DNA methyltransf erase expression. A549 
cells (ATCC), and T24 cells (ATCC) were grown according to 
standard cell culture techniques. Cells were then treated for 
24 hours with growth medium containing 250 nM of an antisense 
oligonucleotide complementary to a special target region of 
the DNA MeTase RNA transcript or a scrambled (negative 
control) oligonucleotide, and 10 pg/ml lipofectin. 

Cells were then harvested and washed twice with PBS and 
the nuclei were pelleted by centrifugation in an Eppendorf 
microfuge at 2,000 RPM for 15 min at 4 °C. The nuclei were 
washed once in Buffer A and re-pelleted, then resuspended in 
0.5 ml Buffer B (20 mM Tris pH 8.0, 0.25% glycerol, 1.5 mM 
MgCl 2 , 0.5 mM PMSF, 0.2 mM EDTA 0.5 mM DTT and 0.4 mM NaCl) . 
The resuspended nuclei were incubated on ice for 15 minutes 
then spun at 15,000 RPM to pellet nuclear debris. The nuclear 
extract in the supernatant was separated from the pellet and 
used for assays for DNA MeTase activity. For each assay, 
carried out in triplicate, 3 jjg of nuclear extract was used in 
a reaction mixture containing 0.1 /ig of a synthetic 33 -base 
pair hemimethylated DNA molecule substrate with 0.5 nCi S- 
[methyl- J H] adenosyl-L-methionine (78.9 Ci/mmol) as the methyl 
donor in a buffer containing 20 mM Tris-HCl (pH 7.4). 10 mM 
EDTA, 25% glycerol, 0.2 mM PMSF, and 20 mM 2-mercaptoethanol . 
The reaction mixture was incubated for 1 hour at 37 °C to 
measure the initial rate of the DNA MeTase. The reaction was 
stopped by adding 10% TCA to precipitate the DNA, then the 
samples were incubated at 4 °C for 1 hour and the TCA 
precipitates were washed through GFC filters (Fischer) . 
Control were DNA samples incubated in the reaction mixture in 
the absence of nuclear extract, and nuclear extract incubated 
in the reaction mixture in the absence of DNA. The filters 
were laid in scintillation vials containing 5 ml of 
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scintillation cocktail and tritiated methyl groups 
incorporated into the DNA are counted in a P -scintillation 
counter according to standard methods. To normalize and thus 
compare specific activity of the nuclear extracts from cells 
treated with various synthetic oligonucleotide both DNA MeTase 
and G3PDH activity were measured. FIG. 3 shows DNA MeTase 
enzymatic activity observed in A549 cells treated with 26 
different synthetic oligonucleotides as indicated. Similar 
results were observed when using T24 cells. Note that values 
were expressed as a percentage of activity observed in cells 
treated with scrambled synthetic oligonucleotides. The 
results show that the treatment of cells with antisense 
oligonucleotides of the invention results in reduction in DNA 
MeTase activity in the nuclear extracts. 

Example 7 

inhibition of Tumor Growth in Vivo 

Ten to twelve week old female BALB/c nude mice (Taconic 
Labs, Great Barrington, NY) were injected subcutaneous ly in 
the flank area with 2 x 10 s preconditioned A549 human lung 
carcinoma cells. Preconditioning of these cells was done by a 
minimum of three consecutive tumor transplantations in the 
same strain of nude mice. Subsequently, tumor fragments of 
approximately 25 mgs were excised and implanted subcutaneously 
in mice, in the left flank area under Forene anestesia (Abbott 
Labs., Geneva, Switzerland). When the tumors reached a mean 
volume of 100 mm 3 , the mice were treated intravenously, by 
daily bolous infusion into the tail vein, with oligonucleotide 
saline preparations containing 2 mg/Kg of oligonucleotide 
according to the present invention. The optimal final 
concentration of the oligonucleotide is established by dose 
response experiments according to standard protocols . Tumor 
volume was calculated according to standard methods every 
second day post infusion, {e.g., Meyer et al. Int. J. Cancer 
41:851-856 (1989)). Treatment with the oligonucleotides of 
the invention caused a significant reduction in tumor weight 
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and volume relative to controls treated with randomized or 
reverse antisense sequence (data not shown) . In addition, the 
activity of DNA MeTase enzyme was measured and found to be 
significantly reduced relative to randomer treated controls. 
5 These results show that the oligonucleotides according to the 
invention are capable of inhibiting MeTase enzymatic activity 
and tumor growth. 

Example 8 

10 DNA MeTase Gene Organization an d Structure 

Information regarding the chromosomal organization of the 
human DNA MeTase gene is useful for (a) a comprehensive 
analysis of the mechanisms that underlie the regulation of DNA 
MeTase expression in oncogenic progression and developmental 

15 processes (e.g., analysis of potential alternative splicing 

products, regulatory elements such as enhancers and promoters 
reside in intronic genomic regions), and (b) for designing 
antisense oligodeoxyribonucleotides according to the 
invention. In order to obtain overlapping DNA fragments 

20 spanning the entire human DNA MeTase gene, several cDNA 
fragments spanning the known human DNA MeTase cDNA were 
generated via RT-PCR (mRNA source Hela and A549 cells) (Fig. 
4A) and used as probes to screen human genomic DNA libraries 
from lung and placenta, in Lambda FIX II (Stratagene) . The 

25 cDNA probes spanned the entire known human cDNA sequence (Yen 
et al., 1992 and Yoder et al., 1996). Genomic inserts were 
isolated from the phages by NotI digestion and sub-cloned into 
NotI linearized pBluescript SK+. Sub-clones were digested 
with restriction endonucleases (X = Xba 1, B = Bam Hi, H = 

30 Hind III) Southern blotted and hybridized to exon specific "P 
labelled oligodeoxyribonucleotides or cDNA probes to produce a 
scale restriction map of the human DNA MeTase gene. 
Sub-clones were exon sequenced to determine exon-intron 
boundaries. Intron sizes were determined by either DNA 
3 5 sequencing (for introns less than 150 bp), PCR using 5' and 3' 
flanking exon sequences as primer sources (for introns less 
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than 2Kb) and restriction enzyme-Southern blot analysis using 
the enzymes indicated in A (data not shown) using 
oligonucleotides for each specific exon to verify the 
restriction enzyme. For larger introns (>2kb) , the distance 
5 between the exons was estimated by restriction enzyme analysis 
of phage insert and mapping the exons to the different 
restriction fragments using exon specific oligonucleotide 
probes (see physical map in figure 4A) . The physical map . 
obtained by restriction enzyme analysis of phage DNA (Fig. 4A) 
10 was verified by a restriction enzyme-Southern blot analysis of 
human genomic DNA. Genomic DNA was prepared as described 
previously (Sambrook et al. 1989) from human lung carcinoma 
A549 cells (ATCC: CCL-185) and human bladder carcinoma cells: 
T24 (ATCC: HTB-4) and digested with restriction endonucleases 
15 Xba 1 (X), Bam Hi (B) , or Hind III (H) , electrophoresed on a 

1.5% agarose gel and Southern blotted. The fragments encoding 
the different segments of the human DNA MeTase mRNA were 
visualized by hybridization to the following cDNA probes: 1. 
A probe bearing the first exon. 2. A probe bearing exons 3-5 
20 (starting spanning nucleotides 415-740 of the known cDNA) 3. A 
probe bearing exons 7-20 4. A probe spanning exons 30-40. The 
cDNA probes are indicated under the map of the exon-intron 
structure, the dashed lines delineate the boundaries of exons 
spanned by each of the probes. The fragments visualized by 
25 each of the restriction enzymes are indicated by different 
shaded arrows. The size of the visualized fragments is 
indicated next to the arrows. The size of the fragments 
visualized by each of the probes corresponds to the size 
predicted by the restriction enzyme analysis of the genomic 
30 phages. The fragments predicted by the physical map of the 
different phages (Fig. 4A) were visualized with the cDNA 
probes in the Southern blots of genomic DNA (Fig. 4C, arrows 
indicate the restriction enzyme fragments, and their sizes, 
visualized with each cDNA probe) . The positions of exons 
35 determined by PCR analysis were verified by Southern blot 

analysis. The following primers were used to map by PCR the 
relevant intron boundaries and sizes: exons 4 to 5 : sense : 
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5 ' -aaacgggaaccaagcaagaa ; antisense : 5 ' -tgagatgtgatggtggttt ; 
exons 5 to 6 : sense : 5 ' -ctgaaccttcacctagcccc ; antisense : 
gatggactcatccgatttgg ; exons 6 to 7 : sense : 
5 ' -ccctgccaaacggaaacctc ; antisense : 5 ' -gttctctggatgtaactcta 
5 ; exons 7 to 8 : sense : agacgtagagttacatccag ; antisense : 
5'-gctctttcaggttcttctgc ; exons 9 to 10 : sense : 
5 ' -aagaaaagagactccgaagt ; antisense : tttctcgtctccatcttcgt ; 
exons 10 to 11 : sense : 5 ' -gtcagcccttaggagctgtt ; antisense : 
5 ' -ggaaacagctatgaccatg (M13 reverse primer) ; exons 11 to 12 : 

10 sense : 5 ' -gatgagaagaagcacagaag ; antisense : 

5'-tcatcctcgtctttttcatcagaa ; exons 12 to 13 : sense : 

5 ' -ttctgatgaaaaagacgaggatga ; antisense : 

S'-cattaccatctgctttggat ; exons 13 to 14 : sense : 

5 ' -aggagaagagacgcaaaacg ; antisense : 5 ' -agttcatgactgttttggcg 

15 ; exons 17 to 18 : sense : 5 ' -gtactgtaagcacggtcacc ; antisense 
: 5 ' -aggtgctgaagccgatgagg ; exons 18 to 19 : sense : 
5'-tggatcactggctttgatgg ; antisense : 5' -ctcgatcttgttgatcaggt 
; exons 21 to 22 : sense : 5 ' -aggcgagcccaggcgaggcg ; antisense 
: 5'-cgctcttggcaagcctgcttg ; exons 22 to 23 : sense : 

20 5 ' -gtgtcagcagcctgagtgtg ; antisense : 5 ' -ctccgacccaagagatgcga 
; exons 23 to 24 : sense : gtcccaatatggccatgaag ; antisense : 
5 ' -gctagatacagcggttttgagg ; exons 24 to 25 : sense : 
5 ' -cgtcaagactgatgggaagaagagt ; antisense : 
5 '-ctccatggcccagttttcgg ; exons 25 to 26 : sense : 

25 5 ' -gtcacggcgctgtgggagga ; antisense : 5 ' -ttgaacttgttgtcctctgt 
; exons 26 to 27 : sense : 5 ' -gacctacttctaccagctgt ; antisense 
: 5'-ttgaacgtgaaggcctcagg ; exons 27 to 28 : sense : 
5'-ctctactactcagccaccaa ; antisense : 5 ' -tagaacttgttgacccgga ; 
exons 28 to 29 : sense : 5 ' -tgagactgacatcaaaatcc ; antisense : 

30 5 ' -cgaggaagtagaagcggtg ; exons 29 to 30 : sense : 

5 ' -cgagtgcgtccaggtgtact ; antisense : 5 ' -cttccctttgtttccagggc 
; exons 31 to 32 : sense : 5 ' -gaagggcaagcccaagtccc ; antisense 
: 5 # -agccatgaccagcttcagca ; exons 32 to 33 : sense : 
5'-tgctgaagctggtcatggct ; antisense : 5 ' -cctgcagcacgccgaaggtg 

35 ; exons 33 to 34 : sense : 5 ' -tccttcaagcgctccatggt ; antisense 
: 5' -tagtctgggccacgccgtac ; exons 34 to 35 : sense : 
5 ' -ccggtcagtacggcgtggcc ; antisense : 5 ' -agatctccagtgccgaggct 
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; exons 35 to 36 : sense : 5 ' -tgagctcgggtcctttccgg ; antisense 
: 5 ' -tccacgcaggagcagacccc ; exons 36 to 37 : sense : 
5 ' -tcagacggcaccatggccag ; antisense : 5 ' -cttgcccatgggctcggggt 
; exons 37 to 38 : sense : 5 ' -ctctatggaaggctcgagtg ; antisense 
: 5'-cggtgcttgtccaggatgtt ; exons 38 to 39 : sense : 
5 '-ctgacacctaccggctcttc ; antisense : 5 ' -ggcactctctcgggctttgg 
; exons 39 to 40 : sense : 5 ' -ggagatcaagctttgtatgt ; antisense 
: 5'-gtccttagcagcttcctcct. The following introns were 
determined by sequencing : exons 2 to 3 ; 3 to 4 ; 14 to 15 ; 
15 to 16 ; 19 to 20 ; 20 to 21 ; 30 to 31. The following 
introns were determined by restriction mapping : exons 1 to 2 
(using the following oligonucleotides as probes : exon 1 : 
5'-cgcctgcggacatcgtcgggcagc ; T3 : 5 ' -aattaaccctcactaaaggg ; 
T7 : 5' -gtaatacgactcactatagggc) ; 8 to 9 (using the following 
oligonucleotides as probes : exon 8 : 5 ' -gctctttcaggttcttctgc 
; exon 9 : 5 ' -aagaaaagagactccgaagt) ; 16 to 17 (using the 
following oligonucleotides as probes : exon 16 : 
5 '-tgagccacagatgctgacaaa ; exon 17 : 5 ' -gtactgtaagcacggtcacc) . 
The results of the cloning, sequencing and mapping experiments 
demonstrate that the 5.2 kilobase cDNA for the human DNA 
MeTase, is organised as 40 exons and 39 introns, with 
conpletely conserved splice acceptor and donor sites (Figure 
5), on 60 kilobases of chromosome 19pl3.2-13.3 (Fig. 4B) . 
This gene can therefore be classified as a "large gene" 
similar to Rb (70 kb) and apolipoprotein B (79.5 kb) . 

The functional domains of the DNA MeTase appear to be 
grouped together as a number of small exons and introns 
separated from neighbouring domains by large introns (Fig.4B) ♦ 
First, exons 6-8 code for the nuclear localization signal and 
exist within an isolated cluster that contains exons 2-8 and 
flanked by the large introns 1 and 8 (12 and 11 kilobases 
respectively) . Second, the region described to be critical 
for targeting of the enzyme to replication foci (FTR) is coded 
for by exons 13-20. These exons are organized into two 
distinct chromosomal regions, exons 13-16 make up the first 
region, and exons 17-20 make up the second, and are separated 
by the large intron 16 (6000 bases). Third, the region 
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responsible for zinc binding is coded for by exon 22, and in 
its genomic organization, along with exon 23, is isolated by 
the large flanking introns 21 and 23. Fourth, the catalytic 
domain of the enzyme is coded for by exons 30-39. The 
5 catalytic domain of all of the known CpG methyl transferases 

share 10 conserved motifs of which 1,4,6,8,9, and 10 appear to 
b e essential for catalytic activity. Conserved motif 1 is 
entirely contained within exon 31 and codes for the AdoMet 
binding peptide. Conserved motif 4 is entirely contained 

10 within exon 32 and contains the Pro-Cys motif that catalyzes 

methyl transfer. Fifth, two postulated translation initiation 
codons exist (Fig.4B) and the genomic organization of the 
exons in which they reside suggests that they form distinctly 
different structural motifs. The antisense oligonucleotide of 

15 the invention hybridize to the target intron-exon boundary by 
Watson and Crick hybridization and effectively mask the splice 
junction. There is confidence that this approach can be 
successfully exploited for DNA MeTase because the gene offers 
78 unique intron-exon junctions (Fig. 5) for antisense 

20 oligonucleotide development. 



33 



WO 98/54313 



PCT/IB98/01107 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 
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(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: t 
(in) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
frCGGGGCAGGGTGOCGGGGGTAGGAGGCAGCGCCGAGCGGCTGGCTGGAAGAGAGTGT 

ggtgtgtcggacgggcagcttcctgtgtgctccaagggatgagcctcgtcgggcgV 



(2) INFORMATION FOR SEQ ID NCh2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
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TTtXCCAT OTl T l l'l 1 CTAGGAGC ACTATAGTTTCAGGTCTTATGTTTAATCTTTAATAAG 1 1 1 lGTG in 1 
TOTATATOOTGTAAGGTAAOOGTCCAACTTCATTCTTTTOTATOTGGTTATACA 

TOTTAAAG AC ACAATCTTTCCCCC ATGTTCTGGTGCTTTAA AAAAAAAAAAAATC CTGGCTGGTTACG G 

TCMjCTTACK3CCTATAATCCCAGCACTrrGGGAGK3Cro 

AGACTAGCCTGGCCAACATGGTGAAACCCTGTCT 

GTGG AGTACGCCTG TAATCCCAGCCTA CTAGGGAGGCTG AG GCATG AG AATCGC TTGAACCTGGG AG G 

CAGAGGTTGCAGTGAGCCAAGATCTCACCACTXXIACGCCAGCCGGGGTGACAGAGTC 

TACCCTOTCGCCCAGGCAGGAGTOCAGTGGCCCAATCATGGC^ 

CAAGCCATCCTCCC ACCTC AGCCTCCC AAGTAGCTAGGATT ACAGGTGTGTGTC ACCATCCC AGC AA A 
TCITGTATTTTTGTAGAGATGGGTATCCCTATtnTGCICAGGCT 
TCCTCCCACCTGGGCCTCTCAAAGCACTGGGTACAGGCG 
AATTTATTCTrACnTTTTATriTTATTTTTTTGAGACAAGGTCTTGCT 

TGGTACAATCATGG CTC ACTGCAACCnXTTGCCTCTCCGGTTCAAGTGATCnTCCTGCCTCAACCTCTG G 
AGTAGTTKXIACTATGGGCACATGCCACAACGACTAGCTAATT'l'ri'Ul 1 1 1 1L1 1 1 1 1 1 1U 1 1U 1 1U 1 
T UITIUl 1 11111 1111111 1 GAGATGCAGTTTCTCTATGTTACCTAGGCTGGTCTAAAACTCCTGGG 
CTCAAGCGATCCTCCCACCCTGGCCTCCCAAAGTGCIXX}GATC^ 
AAAAAGGCAAOSAAAAACCCCCCACA(^CTGGGTATAGA^ 
ATTCITGGTACTAGCTACAAATTCTGTGTATACTCAAGATTTTCT 

TACAGATG AGGAC ACAGAGGCTG AGCCGTAGTGACCCACCTAAGG TCGTATAGCC AGC AAATAGATGG 
AGGTTGGATTGGAA ACTCAGGACTTTACTCAAGGGCTCTCACAACCCTTGGGGGG CTTCTCGCTGCTTT 
ATCCCCATCACACCTGAAAGAATGAATGAATGAATGCCTCGGGCACCGTGCCCACCTCCCAGGAAACG 
TGGAGCTTGGACGAGCCCACTCGTCCGCGTGGGGGGGGTGTGTGCCCGCCTTGCGCATGCGT 
GTTCCCTGGGCATGGCCGGCTCCGTTCCATCCTTCTGCACAGGGTATCGCCTCTCTCCGT 
TTGGTACATCCCCTCCTCCCCCACGCCCGGACTGGGGTGGTAGACGCGCCTCCGCTCATC 
GCCCCTCCCCATCGGTTTCCGCGCGAAAAGCCGGGGCGCCTGCGCTGCCGCCGCCGCGT 
CTGCTGAAGCCTCCGAGATGCCGGCGCGTACCGCCCCAGCCCGGGTGCCCACACTGGCC 
GTCCCGGCCATCTCGCTGCCCGACGATGTCCGCAGGCGGTAGGTACCATGGGGGGGAACACG 
GACTCAGGGGGACAGGCAGGGCG CnXjGGTGGGGGGTCGCTTCCCC 7CGGGG7GGCCGGTGGCGC7GCT 
GACAGACGGGCGCGCATGGCTGGGKnX3GTGCGGCGCGCAGCGCAGTIXX3^^ 

CCGGTCGCGCGTGCCCGGGCTCTTTGGCGCCAAAATGGACCGTGGATTCCCCCGTAGCTCCCTGGTGG 
CTAGAAACTAGGCGGGGTGGGCCTCTCTTTTGATCCCCAAAtACAGC 
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(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE- nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: . 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NOS: 

AGGAGGTCTTGCCTC 

AAACTTGCCGGCTTAAAGGACATACATTTATTACCTTATGTCCAGGGTCAGAAATCTGATGC 



(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
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TCTAOAOCTCGCGGCCCCGACCTCAATrAACCCTX^CfA^\X36ACT09AeiC* 
ATCCCCCTATGTTG TCCAGCGCTGGAC TCG AACTCCTGCCC AC AAGCCATCCTC CCACC AC AGCCTC C 
TOAGTAOClXK3<XjrTACAGGCACGCAGCACC^GGCACIXjCACCGGCl 'II 1G1 H-l 1 1 lATTTTTTTOCC 
lUlTlUllXCTGAAAGAGTOVAGCTACTAATTGTCAGTAAT^ 

CrcCTGGCAGTTCTACATTTAGG AATGACTAGCTAG AG ACATCCTG AAG AATGACTITATTCGGGGAGGC 

GCCACGACCTCCTCTAACTTCACCTCrATCTGCCCTCTOT^ 

ACTCCCCCATTTCATCCTCAAAATTCC^^ 

CCCACAGTGTCCTOTGGC CCTC-C^tCTACTCATTCTG ACACIXjCKXATACTGT GGCACACl. i tui lATGG 
GCTtnTtnCAOACCC^CTGGACAAAGACCAGCTCT 

ATGACCTGCCCCCTCTTTCCTGGT A ' it-. ' 1 ' l 1 1 1 OAGTCAGGGTCTCAC IX-,' 1U X C TCCTAG ATTGG AGTGCA 
GTGATCCAATt^COGCTCACTOTOGCCTCOACCTCCCAOGCTCAGGTGA iu i n-iUVGCCTCCCAA 
GTAACTCGGACCACAAGCACATGCCACCAAACCCAGTTATTriT^ 

GACAGAGTTTCA l ' l C 1 101 1 OCC CAGGCTAGAGTGCAATGGTGTGA CCAGCTCACTGC AACCTCTGCCT 
CCCGGGTTCAAG TG ATTCTCCTG CTC AGCCTCC A AGTTGCTGGGA TTAC AGCC ACC CACCACCC ACG C 
CIt3GCTAATTTTTGTATTTTTAGTAGAGATGGGGT^ 

ACCTC AGGTAATOC ACCCACCTTGGCCCTC AGGT AATCC ACCC AACTCCTGC^ A 

GGCATCAGGCACCACGCCCAGCCACTAATTTITGTATTTT^ 

GGCTGGTCIXiAACGCCTGGGCTCAAGTGATCCGCTCGCCTTO^ 

GTG AGCCACCATGC CTXXjTCTCTGGT AC CTnTAAAATATA CAGGCTGGGCATGA TGGCTC ATGCCTG T 
AATCCCAGCACTTT GGGAGGCTGAGGC AGGTGG ATCGCCTO AGGTCGGG AGTTC G AAACCTAGCCTG A 
CCAACACGGAGAAACCCTGTCICTGCTAAAAATATAAAATTAGC^ 

ATCCAGCTACTCGG GAGGCTGAGCCAGGAGAATCGCTTG AA CCTGGGAGTCGGA GU 1 1 1 GAGCTGAG A 

tcacaccatixx:actccagcctgggcaacaagagcaaaAccctatctc 

TATATATATATATATATA C AC AGCTATATATAGCG TATAT ATATATAC AC AC ACATATGTAT AC ATATAT 
ACCTATCTATACACATATATACGTATATATAC^CATATATATCTATATATACACACATATACGrGTATAT 
AT ATACGTGTAT ATATAT ATGCATGCCAGAC AAGG TG ACTC ATGCCTGTAAT CCTAGCACTTC AG G AG A 
CTG AGGC AGGCGGA TTC ACTTG AGGTC AGG AATCTAAG ACC AGGCTTAACC AAC ATGGTG AAACCCT G 
TCTCTACTCAAAATAGAAAAAATTAACGAGGCTGGTGGCACCTATAATCCC^ 
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AGGTGAGAGAATCACTTGAACCCAGAAGGTGAGGGTTGCAGTGAGCTGAGATCOCACCACTCCACTCC 

ACCTGGGCAACAGAGCGAGACTCCATGTCTGTCTGTCTGTCTATCTATCTGTATAATGTATATG^ 

TGTATATATGTCTGTCTATATATATACACATATATACATACATATATACACACATACrCTGTTACAGAGC 

TGCTOTCIOTOTXnOTATATATATATACACATATOT^ 

TACACACATATATATACACATATATATCTATATATATACACACATATATATACACATATATATGATATAT 
ATACAC^TATATATCTATATATATACACAC^ 

T AATCTCAC AATC ATCAGAAAAATG ACCCCC AAAAGGGG AACCTTGTTCAGATC AG ATG Au 1 1U 1TAG C 
ATTAGGCATTXX1AGTAGGACACTCTAGACTCTTGCGGGGAGACAAAAGCXIAGCITA 1 1 TCTAACA 
CTCATATGTTAAAC TTGTTTGTGTCC AA AACTTCTTTAGAACTGTGATATTCTTAC AGGCAAATGAAGTT 
GCITAACAAGTGTTTGTATTITCrrcCCTATTTCTTCCTCCAGG78CTCA^ 
GCTTAACAGAAAAGii4GTAATCTCCTCCrTAAAATTTTTCrTATTACCAAATCTGACTGACACA 

TGTGGCTCATAAAAAGAAATTTGTTTIXJITTAAATGG 

ATTTGG ATATTCTTG TTAAATGTCAGCACTAATTTGCTGCTAATACnTGGGTGGTGGTGGTG 1 11 M nil 
GTTGTTGTnTTGTTTTTTGAGACAGAGTCTCACTCTGTCACCX^AG 

GGCCTC ACTGTG ACCTCTGCCTCCCGG ATTC AAG CTGTTCTCCTGCCTCAGCCTCCCAAGTAGCTGGG A 

CTACAGGCACGCACCACCATGCCCACKTAATTITTATATrATrACn-AGAGATCGGCrrTTA 

OCAGACTGGTCTTGAACGCCTGCTCGTGATCTGCCCACCTITGGCXrrcCCAAAGTG 

GTG ACG ACC ATGCCTGGC CC ACKjTTTTTTTTTTTTTTAACC AATCTCAGTTC CTAAAC AACTCTACTCTG 

GATTGTAACTTGTCCTGGTAACACTGTTTTATTGTGTTTTTGTTATTGTTTTGAGAT^ 

GTAGCCCAGGCTGGAGTGCAGTGGCACAATTTTGGCTCACrGCAACCTTCGCCTCCCAGGCTCAAGTGA 

TTTTCCC ACTC AGCCTCCTG AGTAGCTCTAACTAC AGGCTC AAGCC ACC ATG CCC AGCTAATTTTTAAA 

TATTTTTTGTAAAGATGGGATTTTGTCATGTTGCCCCAGGCTGGTCTTGAACTCTG 

CCACTrcCCTCGGCCTCCCAAACTGCTGGGATTATAGGTGTGAGCCACTGTGCCTGGGCCGACA 

CAOAAOCACAGTATTATTCTTATAAA^ 

CACnTTGGAGACAGGAGTGAAGTGATCCTAATGGAAATTCCCTGAACACATTC 

TrGACTGAGACAGCATTGCCTGCCATrCACTCATTGTGATGTGATCAGGCAGCTCAATAATrTGTGTATT 

AGTCCACTAGTGAATAGCTTGGGAATGTGGGTACTGCTAAACCTATATCCTTCCCTTAGG115AATGTG 

TGAAGGAGAAATTGAATCTCTTGCACGAATTTCTGCAAACAGAAATAAAGAATCAGTTAT 

GTGACTTGGAAACCAAATTACGTAAAGAAGAATTATCCGAG222QIAACTCAGTTCTCAGCAT 

CCTAGCcTCTAGAAAAATGTCTCCTCCTAGTAACTrGTCTGTGACCAGGGAGGCAGCAAGATCCCCAGC 

TGTCCTC ATTGCCTGATG ATG ATG ATG ATG ATG ATG ATG ATG AAG AACACATGTGTTCTGTCTCTG ACA C 
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GTCTTACATTCACTGCTACTAATTATCCTGTCCTGCTGTAGG223ACGGCTACCTGGCTAAAGTCA 

AATCCCTGTTAATAAAGATTTTGTCCTTGAGAACGGTGCTCATGCTTACAACCGGAAGTG 

AATGGACGTCTAGAAAACGGGAACCAAGCAAGAAGTGAAGCCCGTAGAGTGGGAATGGC 

AGATGCCAACAGCCCCCCCAAACCCCTTTCCAAACCTCGCACGCCCAGGAGGAGCAAGT 

rrn a TfiT.A ti A nflCT A AGC^QTAAGAGC AG A TG ATTCCTTTTATTTTTAATTGTTTrTG AG 

TCTCACTGTGTTGCCCAGTCTXMAG{^CAGTGGTGTAAC 

TC AAG AG ACCCTCC TGCCTC AGCCTCC C AAGT AACT 
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(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: c 
(Hi) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: fcCCAACATTAGCAAGCTG 
GTKHTC ACTAGAATAAAAATGCAAAGATGCTAGTCXTITAG AACCTGGGCTTCCTGC AATAGCTTAGT A 
ATGTTG AACTGCATTATT GCTGTGGGCTTTCTATTG AT AGTGGC 1 - 1 ' 1 1 1 1 1 1 1 1 CI 1 1 1 lAATGcimiCT 
T CTTTAAACAGC^TGAACCTTC ACCTAGCCCCAGGATTACAAGGAAAAGCACCAGGCAA 
ACCACCATCACATCTCATTTTGCAAAGGGsigGTCAGTATACGATAAATTGGCGGCTGCCTTT^ 
AGGGGCCGGCTGTTTTCGGATGG AATTGGTAGGGC GTC ACGTGGCAATTCTGTXnTCCGTGTTGTATA'i 

(2) INFORMATION FOR SEQ ID NO.6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

•tctctgacactagcagctgttcatcggtgtttagacccgtc 

AGATGGCAAGACAACATTCTAAACCCCTrCATTCAGAGAAACATTAAACTrcAA 
TGGTGAATGAGGGTCCACITCAGGCCAGCTCGAGGCCTAGG 

Tr.T r.Tr.Tn A CA G C« oCCTGCCAAA£GGAAACCTCAGGAAGAGTCTGAAAGAGCCAAATCG 

GATGAGTCCATCAaWgAAGACAA^^ 
CTACCITACTrGGTCrrATTTCATGATTGTGACTTC 

TAGGGCTCTATTTAGGGCTCTCCAG AGAGAC AGG A CCAATAGAATGTATATG TGTGTATCAACGTATAG 



(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: both 

(ii) MOLECULE TYPE: 

(v) FRAGMENT TYPE: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 



.GTTTTG GGGTTGGT GGGGATTAATACCA G AGTAAG AGTTTC TC AG ATCTTCTCGC C 
TTTTCCCAGGCCCCTTCTTTTCCCACTCITGCTCTAACCATC 
TrrTCGTGTTCACCTTCCCTTOAAACCAGTATTCT 

ATGAGAAGAGACGTAGAGTTACATCCAGAGAACG632GTAAGAATAGTTACTATACCTTTCTTTT 
TGTTCTACGAGTTGTGTAATCTTGATCACAAAACTTTTTCAGAAAGTTTi 
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(2) INFORMATION FOR SEQ ID NO.8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

cAcrcACAcrrGGoora™ 

mcctgaaaoag^tcagoaacgcocactWaooaacaaoaaaoasaisaama 

7 , t GTAAAGGTCT ATCACCTCTAACji 



(2) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ. ID NO:9: 

h-ACAOGCGTGAOCTACTGTGCCCACTGGTAGACAGraTTA 

CTCCCACCAGTG ACTCTAGAATCAGTTCAGGTGTTTTATTTCCATAGGACACTTTAATAGAAAGATCCA 
AACCAAATGGAAAAAATTAACTTCTCnTTTrrCCCTGCAAC^^ 

ACTCAAACCAAAGAACC 75 2GTAAGTGCACK:GAACCTGCCITrcTGCmGTrGTCAAACrcAArTY' 
CTAACATAAGTAIUnGGTAAAATAACGGGTrGGTCTGGAACAGT^ 

TGGGCAAGTTUTCCnXjTGAAAGGTGAGACC^CCCTGAACTO 

(2) INFORMATION FOR SEQ ID NO:10: ATTTAATTTAATTTAATTT 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(Q STRANDEDNESS: both 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
•CTTCAGTTTCTGTTTGGGTGTTGGTTCTTTGGTTTGACTTCGG 



(2) INFORMATION FOR SEQ ID NO:ll: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
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(xi) SEQUENCE DESCRIPTION: SEQ ID Nail: 

tlTGAOTCftOAOTAGTAAATCGTCTGGCTTCCTGCAGTGAAOACAGGAGAGGCAG 
CCTGTCCTCTGAACCTGGGGAGGAGCTIGTGTC^ 

C0CCGAGCTGACCAGCCTGTGTGTGTGTTGTCT TCTGTGACAGA 7jg ACACCCAAAC AGAAACTGA 

AGGAGGAGCCGGACAGAGAAGCCAGGGCAGGCGTGCAGGCTGACGAGGACGAAGATGG 
AGACGAGAAA. 



(2) INFORMATION FOR SEQ ID NO:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

.AGAAACTAATTTTTTCCCTTCrrTATCTCTXJTACCTC 
CCCCTTATTTTTCTGTCAGG84iATGAGAAGAAGCACAGAAGTCAACCCAAAGATCT87sGCAA 

GTGTTTAAAATGCTIGTCCTTTTGTGTCATCTGGATC 

GCTTGCACCTGT AATCCC AGCTC AAACKX)AG<jCTGAGGTGGGTGA ATCACXTTGAGG TCAGG AGTTCG A 
G ACCAGCCTAGCCTGGCCAAC AT GCTTGG AACCCTGTCTOT ACTAAA A A 1 r 
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(2) INFORMATION FOR SEQ ID NO:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 
TTGGCTTTCCCATQ GGGAGGCATTAGTT TGTCACTTTCCGTG CG AGTTGGCG ATGT GGTT AGTGTTTCT A 

AAGAACCTGAAAAAGTAAATCCACAGATTTCTCATGAAAAAGACGAGGATGAAAAG9S7G 
TAAAGGTCTCACT I T 1C 1 1 111 1 I CTril 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 CCCCAAGACGGGG' 



(2) INFORMATION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 
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(GACTATAAGATTIGTATTCTATGACTITAGATGGTAGAGTGAGTCAGAOCTCACCTGCTGGCCC 

TcrcAcra^icccioxCTrcrcrc^ 

crATCrGGGAGGAAAACACrcTCITAGCCITTAATCCrcrrTTGTITTCCCTGTGTAGG958AGAAGAG 
ACGCAAAACGACCCCCJVAAGAACCwGTAAGAATTTATTCrTCACATIATCCAAAGCAGA'nVTT 

AATGTTAAAATG ATGGTT CT AG AAC AAAA 



(2) INFORMATION FOR SEQ ID NQ15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(Q STRANDEDNESS: both 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: < 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NQ.15: 

x ' CAACGATCTTGTGATTTTTTTTTCCC 

CCAGA, 93 ACGGAGAAAAAAATGGCTCGCGCCAAAACAGTCATGAACTCCAAGGTAAACAT 

CTGCCGGGAATAAAGCCGGTGGCGGCGCTCACGAGCGGCTGGGAGCTGCTCICTGAGTGCCATCATCT 

r.TnTTCC TGCTCCCACAGA ,^ aCCCACCC TCCCAAGTGCATTCAGTGCGGGCAGTACCTGGA 

CGACCCTGACCTCAAATATGGGCAGCACCCACCAGACGCGnwGTTCGTACAGCTCTCTTCC 

CAGCCTTCCTCTGCCTGTCCCnTGTCCCACTGCTCACCAGCCCCGTGTCCTTCAGGii2bTGGATGAG 

CCACAGATGCTGACAAATGAGAAGCTGTCCATCTTTGATGCCAACGAGTCTGGCTTTGAG 

AGTTATGAGGCGCTTCCCCAGCACAAACTGACCTGCTTCAG1229GTAAGTGCACTTTCGTGT 

GCATGTTTGCTTCGTGGAAGGAGGCACATCCCCAGAGO 1 

(2) INFORMATION FOR SEQ ID NO:16: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID Na:16: 

tCATCCTAATACGACTCACTATAG 
GGCTCGAGCGGCCGCCGGGAGGTCTCTCTGTCTTCACTAAAGAACGTGCTCCCGAATGTC 
AAGGGGCATCTGGACAGTGGCCGCAGTGTTTGAGATTTATGCCCAAAAGGAGGCAGAAGT 

CCTTCCTTCCCACATCCCTTTTCACACTGTTCTATAACCTGCTTTATTTTCTAAATTGAGG 

TCTAACTCGTATAATATAAAATTAACCATATGAGGTATCTTGAATAGGTGAATTCATAGGT 

ATAGAAAGCAGATTGGTGGTTGCCGGGGGTGGGGGCTGAGGGCCGGTTGGGAGGAGACT 

GGAGAGTGACTGCTACTTGATGGGAATGAGGCTTTATTAACATTTGAGTGACAGAAATGT 

TCTGCAGCTGAATAGAGCTAGTGGCTGCACTGCATAGTAGAAGGTGTTCTAGAAACCGGT 

ATTTCCCGCACTGTAAGTCTGACTGATCTTTTGGTGTTGtTGTTGCAGACACACATACACT 

TGATGCTTAGGTGGGAGAATAAGGTAGAAACTCTGGGTGATAGAACGCTGTCTTAATCCA 

GTGTTCCCGCAACCAAAAAATGAGTGTCGGGGCCAGGCATGGTGGTTCAGCCTGTAATCC 

CAGCACTTTGGGAGGCTGAGGTGGGTAGATCACTGGAGATAAAGAGTTTGAGACCAGCCT 

GCTACACATAGTGAAACCCCGTCCCTACTAAAAATACAACAATTAGCCGGGCATGGTGCT 

TCAGGCCTGTAATCCCAGCTACTCGGGAGGCTGAGGCAGGAGAATTACTTGAACCCGGG 

AGGTGGAGGCTGCAGTGAGCCAAGATTATGCCATCGCGCTCCAGCCTGAGGGATAGAGC 

AAGACTCTGTCTCAAAAACAAACAAAAAAAGAGTGTCAGACTTGTACATTCTCTCATTTC 

CTCGTGCCTGATATGAAGTCTGCACGAAGACCCCTTCACGGCTTAGCTGGTAAGCATGTG 

rTTTr.T TTCCTGTCTAGTi ^n GTGTACTG TAAGCACGGTCACCTGTGTCCCATCGACACC 
OUCO U| 

GGCCTCATCGAGAAGAATATCGAACTCTTCTTTTCTGGTTCAGCAAAACCAATCTATGAT 
GATGACCCGTCTCTTGAAGi348GTAAGGAATAGTCCGGGATTATGTTTGGGGCACACTTTAAAAAC 
AGCCAGGCAGGTTGGCTCACATCTGTAATCCTAGCACTTTGGGGGCTGAGGCCAGAGGATC 

CCGGGAGTTT'i 
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(2) INFORMATION FOR SEQ ID NO:17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: . 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17: 



trrAGTCCATrrCCTTnTCTGCTCTAGGi349TGGTGTTAATGGCA 

AAAATCTTGGCCCCATAAATGA.ATGGTGGATCACTGGCTTTGATGGAGGTGAAAAGGCCC 

TCATCGG CTTCAGCACCTm ai GTAAGTGTG TGGCCCATCATAGGCTGGCCGGGGTCTGAAAGGGG 
OU&o HA 

CCTTCATGTTCTCCTTCCTGGGGGCTGACGCKjGCTCTGGTGGGAATTCTCAGCAGGCTTGCAGAAGGCC 

atgtgactgggaaccttagcaggttcagttggggtagatctcttgtgtta^ttagtagg' 



(2) INFORMATION FOR SEQ ID NO: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
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(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18: 
fcdCTCTCTGGCTGGCTCAGACAG^ 

TGACATTTGGGTACGGGATGACTTTTAGACTGTTGGGTGA 
ACTGTAGGCGCCATCAGATTCCAGCCCCTTTTCCACACCTCCTCTGT^ 

GAATACATTCTGATGGATCCCAGTCCCGAGTATGCGCCCATATTTGGGCTGATGCAGGAG 
AAGATCTACATCAGCAAGATTGTGGTGGAGTTCCTGCAGAGCAATTCCGACTCGACCTAT 
GAGGACCTGATCAA CAAGATCGAGi soa GTAAGAGATC GAGGGTCCTCAGCATCCGGGATTCCCA 

OUfcO 

CTGG AAACTTGCCTTC AG AACC AGC AG A CACTGTTCTTC AG TTGGATTTAGGCC A GTTTGGCTTAAGC A 
TGAGAGAAACCTGTTCTCT1TCAAGA1594CCACGGTTCCTCCTTCTGGCCTCAACTTGAACCG 

CTTCACAGAGGACTCCCTCCTGCGACACGCGCAGTTTGTGGTGGAGCAGGTGGAGAGTTA 
TGACGAGGCCGGGGACAGTGATGAGCAGCCCATCTTCCTGACGCCCTGCATGCGGGACC 
TGATCAAGCTGGCTGGGGTCACGCT GGGACAGAGn s iGTAAGGATGCGG CTGGGACCAGAGTG 
AAGACTGGAGACCGGGGAGGGTAGAGCATGGCCCACATCCTCTGTCCCAGTCCTCTGAGATGCTGGAA 
CCTCTCCCGTAGG1782CGAGCCCAGGCGAGGCGGCAGACCATCAGGCATTCTACCAGGGA 
GAAGGACAGGGGACCCACGAAAGCCACCACCACCAAGCTGGTCTACCAGATCTTCGATA 
CTTTCTTCGCAGAGCAAATTGAAAAGGATGACAGAGAAGACAAGGAGAACGCCTTTAAG 
CGCCGGCGATGTGGC GTCTGTGAGioAgGTAACCTCACC TGTGGGTGCTCCCGCTCCCCTAAGGTG 
GCCC AGCCTCTGGC CTG ATCTG AGG ACT GCTCC ATCTTTCT CTGTGGCTTG AG AC TCTGGCTGCTCAA A 
TGTG ACCCTG AG ACAG AAATTGTTGTGG 
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(2) INFORMATION FOR SEQ ID NO:19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: » 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19: 



tTGTGCC CAGCCTGTTTGCCTTTTTAT GCCTTTTTTA G 

GGTGGCAGTGGACGGAGCAAGCAGGCTTGCCAAQAfiCSfi^^^^^^^^~~^^^ 
•jrjiCCTCXnCTOGCAGAGGACriGCCAGCTGGTGGCAGATGCM 

ACAGCACCAGG AIT CCTTCG 
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(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ; 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 



AGACCTGTCCCTGTTATGAAGAAAACA GCCCCGGTTG 
GTXTITACITAGAAAAGGGGCCTTAGGTATAACCAGTGACATTGCAGG 
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(2) INFORMATION FOR SEQ ID NO:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(Q STRANDEDNESS: both 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 

62067'fGTCCCAATATGGCCA 

TGAAGGAGGCAGATGACGATGAGGAAGTCGATGATAACATCCCAGAGATGCCGTCACCC 
AAAAAAATGCACCAGGGGAAGAAGAAGAAACAGAACAAGAATCGCATCTCTTGGGTCGG 



(2) INFORMATION FOR SEQ ID NCh22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 394 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 



AGAA GCCGTgAAg l214 qTAACCCTTr,r, AGTCCCCTTGGTTCAG^^ 
AUIX^AAGGCCAGCAAAGACCCTCAGAATGATCCTCCATGAACTTATGCTCTCATTTTtAG 



(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 



A2215CTGA 

TGGGAAGAAGAGTTACTATAAGAAGGTGTGCATTGATGCGGAAACCCTGGAAGTGGGGGA 
CTGTGTCTCTGTTATTCCAGATGATTCCTCAAAACCGCTGTATCJ^G£A J A£ 2 330QIIIGCAT 
CTTTCTTTTTGCTTGACTTCTGC A TGC ACTTTCTCATCAAGTAGG AG ATGCCCTGT 
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(2) INFORMATION FOR SEQ ID NO-.24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ' 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

etc 

CCCATCCCCGTCTTCTATTCCAGG2331GTCACGGCGCTGTGGGAGGACAGCAGCAACGGGCA 
GATGTTTCACGCCCACTGGTTCTGCGCTGGGACAGACACAGTCCTCGGGGCCACGTCGGA 
CCCTCTGGAGCTGTTCTTGGTGGATGAATGTGAGGACATGCAGCTTTCATATATCCACAG 
CAAAGTGAAAGTCATCTACAAAGCCCCCTCCGAAAACTGGGCCATGGAG2535GTGAGTGC 

CTGGTGTCCTCGTGAGCCC 



(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N025: 



,UACCCAACCGACGATATCTTTGAGT CTCCCAAGG 2 j36GA 
GGCATGGATCCCGAGTCCCTGCTGGAGGGGGACGACGGGAAGACCTACTTCTACCAGCT 
GTGGTATGATCAAGACTACGCGAGATTCGAGTCCCCTCCAAAAACCCAGCCAACAGAGG 
ACAA CAAGTTCAA ^<o GTGAGCACTGG GGCTGGACTCGGGGTCAGCAGGCACTTTCAGCCCACATC 
ACTCCCTTTTCCCGTGTGCTTCCGi 



(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 
AAGCTGGCAGTAGCTGCTGCGGCCACTGCCGGCC 



ACCTCAGGGCCTTA TGTTTCTC 

_ 0Ufro5l 

TGGCTGAGATGAGGCAAAAAGAAATCCCCAGGGTCCTGGAGCAGCTCGAGGACCTGGAT 

AGCCGGGTCCTGTACTACTCAGCCACCAAGAACGGCATCCTGTACCGAGTTGGTGATGGT 

GTGTACCTGCCCCCTGAGGCC^CACGTTCAA 28 43GTAAGTGCCCCCTCGGAGCAGCC^GGC 
CAGGGG 
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(2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 489 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

Xaatcatttcttagggtacacacctaccttaattcatcaggtgcttgacttt 

aaatggttattttcactggtcag tc atgcctg actg acc actgc aa ggtggaaggttc attgatgtca a 
gtgggt gcttctctocaoc ta^ atcaagct gtccagtcccgtgaaacgcccacggaaggagc 

0U60 5A 

CCGTGGATGAGGACCTGTACCCAGAGCACTACCGGAAATACTCCGACTACATCAAAGGC 
AGCAACCTGGATGCCCCTGAGCCCTACCGAATTGGCCGGATCAAAGAGATCTTCTGTCCC 
AAGAAGAGCAACGGCAGGCCCAATGAGACTGACATCAAAATCCGGGTCAACAAGTTCTA 
CAG.imsGTCAGCAGAGGCCTCTGTTCTTCCTCGAGGCCACAGACTCTTCTAGAAGGCTCTGCTGAAAC 

i 

AAGGTTGTGG 

(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 

^AGGAGAC3CTCCTAACGAGGCCTACTCCCGCTCGCAGG 30 66CCT 

GAGAACACCCACAAGTCCACTCCAGCGAGCTACCACGCAGACATCAACCTGCTCTACTG 

GAGCGACGAGGAGGCCGTGGTGGACTTCAAGGCTGTGCAGGGCCGCTGCACCGTGGAGT 

ATGGGGAGGACCTGCCCGAGTGCGTCCAGGTGTACTCCATGGGCGGCCCCAACCGCTTC 

AGGAGTCTGA' 

GGTTGGCTG ACGTG AAGCTGTTC TGC AGG AGCTTT ACGGGGG 



TGTC GGGTTATACACAAG GCGGCTTGGCTGC AGGGTTTCAGCTTTTGTAAGAAGTGGGT 



(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: c 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: bTCAACTACtCTATTG 
GTGGCTAATTGGTCATGGCCCCACTGAGGAGAATTAAGTGACTATCAATTGCC nv.ii ACTAG lCTuCCT" 
TAGAGAGGGGACAGTGGCGTTTCTGTCCCAAACGATTGCAGTTCTCTCCTTTTCAGG3259CCTATAAT 
GCAAAGAGCAAAAGCTTTGAAGATCCTCCCAACCATGCCCGTAGCCCTGGAAACAAAGG 
GAAGGGCAAGGGAAAAG3343GTACGTCATTGTATGAGri"lCl 1 1 1 CAAGTTATTCTTCTGTAACTTG 
GAGGCTGCCTGTGAATCCCTCAGTGTAAAACXrACCTCTGGTGTTACTGACTCTG^ 
CTGAGTTAACAAGGCGCTTGAGAGCAAGGTGGAC TTOT ACTCTGACKjATCGGGTITAGCCTCTGGCCT C 
T CTCCCCCAGGa^GAAGGGCAAG CCCAAGTCCCAAGCCTGTGAGCCGAGCGAGCCAGAG 
ATAGAGATCAAGCTGCCCAAGCTGCGGACCCTGGATGTGTTTTCTGGCTGCGGGGGGTTG 
Trr.r.AGGCATTCCA CCAAGCAG^ i^ GTGAGCGCCCGT AGGCTCCATCTCTGAATACCTGGTGAGC 

•Ufe« S5 

CCAGACCCKjGCAGGTGCTACCTGAAACGACTTCCAACCCGGTC 
GGCCAGGCACCi 
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(2) INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
(iu) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

ACTGCACGCCAGCCTCGGTGACAGAGCGAGACTCCATCTCAAAAA 

A/u ^ AAAAAAATC n^ 

ACACGCTGTGGGCCATCGAGATGTGGGACCCTGCGGCCCAGGCGTTCCGGCTGAACAAC 

CCCGGCTCCACAGTGTTCACAGAGGACTGCAACATCCTGCTGAAGCTGGTCATGGCTGGG 
GAGACCACCAACTCCCGCGGCCAGCGGCTGCCCCAGAAGGGAGACGTGGAGATGCTGTG 
CGGCGGGCCGCCCTGCCAGGGCTTCAGCGGCATGAACCGCTTCAATTCGCGCACCTACT 
CCAAGTTCAAAAACTCTCTGGTGGTTTCCTTCCTCAG3755GTAAACGGGTAGAAGCCCCCCAG 
TGTTGCCAGACGGCCCGGGGCTGTGCGCATGTCAGCAGTGTCATTT: 

(2) INFORMATION FOR SEQ ID NO:31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
(iu) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N031: GAAGCTCACAG 
CCIC „CK 5 AGCH^ 

ATGGTCCTGAAOCTCACCCTCCGCTGCCTGGTCCGC^ ^^^^^^^^^^^^ 

AGCAGCGAGCCATCCCITACrGAAGGCAGGGTTC AATGGC AT AGGC 
XOGCATCGTGCrcTGTCCACTGGCGG ATG AGGGG AG ATCGs 



(2) INFORMATION FOR SEQ ID NO:32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
(Ui) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 



(XTCGGCCTG^MTCTGGCCAGTC CAGTTGGG AGTGTCCC ACTGACG GTGGGGTTGTCCGTCCn]CTCCC 

<TA ^r.r. ^CGGTCAGTA CGGCGTGGCCCAGACTAGGAGGCGGGCCATCATCCTGGCC 

GCGGC^CTGGAGAGAAGCTCCCTCTGTTCCCGGAGCCACTGCACGTGTTTGCTCCCCGG 

GCCTGCCAGCTGAGCGTGGTGGTGGATGAC^GAAGTTTGTGAGCAACA^A^4064m^ 

TijC^CCCCGTCGCTCCTCX^ACACACTGCCGACGAGGCCTCAGTAGCTC^ 
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(2) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID N033: .CATAGC 

^^^^ 

GCCTTTGfGTXjXi 

(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

ATGG AC ACGTCCCCCC AC AC TCTTTC AGG4243 A4244CATGAGTGC ATT 
GGTGGCTGCCCGCATGCGGCACATCCCCTTGGCCCCAGGGTCAGACTGGCGCGATCTGCCCAACATCG 

AGGTCCGGCIXTIXIAGACGGCACC^TGGCCAGGAAGCTGCGGTATACCCACC^ 
COCttJCACKTCIOa^^ 

TTCCCGGTGGCTG AG GGGAAGGAAGGCAO ACCTGGGCCTTT 



(2) INFORMATION FOR SEQ ID NO:35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 
(iu) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 

K ' ^ taACAGAGTGCCATClXJlUC 



CCCATCCCACAACTGCAGCCTCATCACTGTC 



CTCCCAAAGCTCTAAGAGCCATGTCCCAAGCCTATAl' 1 _^ rATrC CCTGGT 
CTGTCTTCCAGC4439CG GC AAAGCCTGCGACCCC GC AGCCAGGC AGTTCAAC ACCCTCATCCCCTGGT 

GCCTC<;CCCACACCGGGAACCGGCACAACCACrGGGCrGGCCTCrATC<}AAGGCrCGAGTGGGACGGC 
TICITCAGCACAACCGTCACCAACCCCGAGCCCATGGGCAAGCAG4605GTAGGTGGGGAGGGGGCATC 

CGAGGGCCTGGGTCAGGCTGTACnTGGCGGCCTAACT 
CAGCACCCCAGGATCCCCCAGGCACCTU. 
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(2) INFORMATION FOR SEQ ID N036: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



fxrt SEQUENCE DESCRIPTION: SEQ ID N036 

v ' AGACTGCTCTGCCTCCTGCCCCTCCACGTCCA 
CGGACAAGCTCATAGCCAAGCCATGGCCGTATGCTGTCACAGTGCCATTTCCCTCCCTGTCCCCGACG 
GTCArrrq r- r i"rTr.r.r/ir;(TrACT^^ 

A(XX^AGAGCAGCACCGTGTGGTGAGCGTGCGGGAGTGTGCCCGCTCCC^G<3GCTTCCCTGACACCT 

r"f!ni-TY^Trr i nr«^AArATCCTGGACAA GCACX!!GGCAG4 722GTCAGTGGGGC 

AGGAACK3AGGCTTCTGTGCCTGTCACXi:AGGTGGGGCTGGGGCAGCGCAGTCACn 



(2) INFORMATION FOR SEQ ID NO:37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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fxi) SEQUENCE DESCRIPTION: Tr > NO:37: 

CAATG 

CAGGCITCCHXnXXKKKXnXJACTGCCCTC^ 



(2) INFORMATION FOR SEQ ID NO:38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO.38: . ^ctcagccICIG 
ggtctagaacctctggggaccgtitgaggagtgttcagtctccgtgaacgttcccttagcact 
cttattgggtcackitgttaacatcagtacgttaatgtttcctgatggtc 

AAGAGGCGTGAC ACCGGGCGTGTTCCCCAGAGTGACTTTTCCTTITATTTCCCTT48 1 OCAGCTAAAATA 
.GCAGGAAGCTCCTAAGGACTAGTTCTGCCCTO^ 



VTGTC AATCTGTC CGTTC AC ATGTGTG GTAC ATGGTGTTT G 



AAGGAC 

CCAACATGCACTGATGTTGTGTTTTTAA CAT 
TGGCCTTGGCTGACATGAAGCTGTTGTGTGAGGTTCGCTTATCAACTAATGATTTAGTGATC 

CAGTACTTTXrroCATTCTGGATTTTAAAAGTTTTTTATTATGCA^ 

CJGAAATTAAGACTTTATGTAGTTTTTATATGTTGTAATATTTCTrc 1 
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(2) INFORMATION FOR SEQ ID N039: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NOS9: 
AGAACTGACT TACCTCGGAT 
(2) INFORMATION FOR SEQ ID NO:40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40: 

AGGGTGGGTC TGTGGGAGCA 

(2) INFORMATION FOR SEQ ID NO:41: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH 20 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41: 
CAGTACACAC TAGACAGGAA 
(2) INFORMATION FOR SEQ ID NO:42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42: 
CACACTTACA GGTGCTGAAG 
(2) INFORMATION FOR SEQ ID NO:43: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:: 43 
GATCTCTTAC CTCGATCTTG 
(2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 
CGCATCCTTA CCTCTGTCCC 
(2) INFORMATION FOR SEQ ID NO:45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45: 
GGTGAGGTTA CCTCACAGAC 
(2) INFORMATION FOR SEQ ID NO:46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46: 
GGCCTGACCT ACCTCCGCTC 
(2) INFORMATION FOR SEQ ID NO:46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47: 
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CCAAGGGTTA CCTTGACGGC 

(2) INFORMATION FOR SEQ ID NO:48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48: 
AAAGATGCAA ACCTTGCTAG 
(2) INFORMATION FOR SEQ ID NO:49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NCh49 
TCCATGCCTC CCTTGGGTAG 
(2) INFORMATION FOR SEQ ID NO.50: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:50: 
CCAGTGCTCA CTTGAACTTG 
(2) INFORMATION FOR SEQ ID NO:51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:51: 
ACACAGAATC TGAAGGAAAC 
(2) INFORMATION FOR SEQ ID N052: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID N052: 
AGCTTGATGC TGCAGAGAAG 
(2) INFORMATION FOR SEQ ID N053: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:53 
ACGGGGCACC ACCTCGAGGA 
(2) INFORMATION FOR SEQ ID NO:54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:54: 
CTTGCCCTTC CCTGGGGGAG 
(2) INFORMATION FOR SEQ ID NO:55: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NOS5: 
ACGGCCGCTC ACCTGCTTGG 
(2) INFORMATION FOR SEQ ID NO:56: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:56: 
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TCCCGGCCTG TGGGGGAGAA 

(2) INFORMATION FOR SEQ ID NO:57: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:57: 
GGGCCACCTA CCTGGTTATG 
(2) INFORMATION FOR SEQ ID NO:58: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 
(5) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:58: 
GGGTGCCATT ACCTTACAGA 
(2) INFORMATION FOR SEQ ID NO:59: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:59: 
ACAGGACCCA CCTTCCACGC 
(2) INFORMATION FOR SEQ ID NO:60: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:60: 
GCACGCGGCC CTGGGGGAAA 
(2) INFORMATION FOR SEQ ID NO:: 61 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:61: 
GCCCCACTGA CTGCCGGTGC 
(2) INFORMATION FOR SEQ ID NO:62: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:63 
CCCGGGTGGT ATGCCGTGAG 
(2) INFORMATION FOR SEQ ID NO:63: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



75 



WO 98/54313 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:63: 
CTGCTCTTAC GCTTAGCCTC 
(2) INFORMATION FOR SEQ ID NO:64: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic add 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:64: 
GAAGGTTCAG CTGTTTAAAG 
(2) INFORMATION FOR SEQ ID NO:: 65 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:65: 
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GTTTGGCAGG GCTGTCACAC 

(2) INFORMATION FOR SEQ ID NO:66: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:66: 
CTGGCCCTAC CTGGTCTTTG 
(2) INFORMATION FOR SEQ ID NO:67: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:67 
CTAGCAACTC TGTCAAGCAA 
(2) INFORMATION FOR SEQ ID NO:68: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:68: 
TAGAGCTTTA CT1T1TCATC 
(2) INFORMATION FOR SEQ ID NO:69: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(Q STRANDEDNESS: both 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:69 
GTTTGGGTGT TCTGTCACAG 
(2) INFORMATION FOR SEQ ID NO:670: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(Q STRANDEDNESS: both 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:70: 
GTTTGGCAGC TCTGCAGGGT 
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(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:52: 
AGCTTGATGC TGCAGAGAAG 
(2) INFORMATION FOR SEQ ID NO:53: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:53 
CAGGGGCACC ACCTCGAGGA 
(2) INFORMATION FOR SEQ ID NO:54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: both 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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What is claimed is : 

1. A recombinant DNA molecule comprising at least one 
nucleotide sequence selected from the nucleotide sequences set 
forth in the Sequence Listings as SEQ ID NO 1, SEQ ID NO 2, 
SEQ ID NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO 6, SEQ ID NO 
7, SEQ ID NO 8, SEQ ID NO 9, SEQ ID NO 10, SEQ ID NO 11, SEQ 
ID NO 12, SEQ ID NO 13, SEQ ID NO 14, SEQ ID NO 15, SEQ ID NO 
16, SEQ ID NO 17, SEQ ID NO 18, SEQ ID NO 19, SEQ ID NO 20, 
SEQ ID NO 21, SEQ ID NO 22, SEQ ID NO 23, SEQ ID NO 24, SEQ ID 
NO 25, SEQ ID NO 26, SEQ ID NO 27, SEQ ID NO 28, SEQ ID NO 29, 
SEQ ID NO 30, SEQ ID NO 31, SEQ ID NO 32, SEQ ID NO 33, SEQ ID 
NO 34, SEQ ID NO 35, SEQ ID NO 36, SEQ ID NO 37, and SEQ ID NO 
3 8 in a replicatable vector. 

2. The recombinant DNA molecule according to claim 1, 
wherein the replicatable vector is an expression vector. 

3 . A host cell comprising the recombinant DNA molecule 
according to claim 2 . 

4. A method for preparing DNA methyltransf erase enzyme 
comprising culturing the host cell according to claim 3 in an 
appropriate culture media, wherein the host cell produces DNA 
methyltransferase enzyme and separating the DNA 
methyltransf erase enzyme from the host cell and the culture 
media . 
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5. A recombinant DNA molecule comprising a nucleotide 
sequence coirplementary to at least one nucleotide sequence 
selected from the nucleotide sequences set forth in the 
Sequence Listings as SEQ ID NO 1, SEQ ID NO 2, SEQ ID NO 3, 
SEQ ID NO 4 , SEQ ID NO 5 , SEQ ID NO 6 , SEQ ID NO 7 , SEQ ID NO 
8, SEQ ID NO 9, SEQ ID NO 10, SEQ ID NO 11, SEQ ID NO 12, SEQ 
ID NO 13, SEQ ID NO 14, SEQ ID NO 15, SEQ ID NO 16, SEQ ID NO 
17, SEQ ID NO 18, SEQ ID NO 19, SEQ ID NO 20, SEQ ID NO 21., 
SEQ ID NO 22, SEQ ID NO 23, SEQ ID NO 24, SEQ ID NO 25, SEQ ID 
NO 26, SEQ ID NO 27, SEQ ID NO 28, SEQ ID NO 29, SEQ ID NO 30, 
SEQ ID NO 31, SEQ ID NO 32, SEQ ID NO 33, SEQ ID NO 34, SEQ ID 
NO 35, SEQ ID NO 36, SEQ ID NO 37, and SEQ ID NO 38 in a 
replicatable vector. 

6. The recombinant DNA molecule according to claim 5, 
wherein the replicatable vector is an expression vector. 

7 « A host cell comprising the recombinant DNA molecule 
according to claim 6 . 

8 . An oligonucleotide which inhibits DNA 
methyltransferase expression, the oligonucleotide having from 
about 8 to about 100 nucleotides and being complementary to a 
special target region of RNA that encodes DNA 
methyltransferase . 
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9. An oligonucleotide which inhibits DNA 

methyl transferase expression, the oligonucleotide having from 
about 8 to about 100 nucleotides and being complementary to a 
special target region of the nucleotide sequences set forth in 
the Sequence Listings as SEQ ID NO 1, SEQ ID NO 2, SEQ ID NO 
3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO 6, SEQ ID NO 7 , SEQ ID 
NO 8, SEQ ID NO 9, SEQ ID NO 10, SEQ ID NO 11, SEQ ID NO 12, 
SEQ ID NO 13, SEQ ID NO 14, SEQ ID NO 15, SEQ ID NO 16, SEQ ID 
NO 17, SEQ ID NO 18, SEQ ID NO 19, SEQ ID NO 20, SEQ ID NO 21, 
SEQ ID NO 22, SEQ ID NO 23, SEQ ID NO 24, SEQ ID NO 25, SEQ ID 
NO 26, SEQ ID NO 27, SEQ ID NO 28, SEQ ID NO 29, SEQ ID NO 30, 
SEQ ID NO 31, SEQ ID NO 32, SEQ ID NO 33, SEQ ID NO 34, SEQ ID 
NO 35, SEQ ID NO 36, SEQ ID NO 37, and SEQ ID NO 38. 

10. An oligonucleotide having from about 21 to about 35 
nucleotides, which inhibits DNA methyltransf erase expression, 
and comprises a nucleotide sequence selected from the group of 
Sequences in the Sequence Listings as SEQ ID NO 39, SEQ ID NO 
40, SEQ ID NO 41, SEQ ID NO 42, SEQ ID NO 43, SEQ ID NO 44, 
SEQ ID NO 45, SEQ ID NO 46, SEQ ID NO 47, SEQ ID NO 48, SEQ ID 
NO 49, SEQ ID NO 50, SEQ ID NO 51, SEQ ID NO 52, SEQ ID NO 53, 
SEQ ID NO 54, SEQ ID NO 55, SEQ ID NO 56, SEQ ID NO 57, SEQ ID 
NO 58, SEQ ID NO 59, SEQ ID NO 60, SEQ ID NO 61, SEQ ID NO 62, 
SEQ ID NO 63, SEQ ID NO 64, SEQ ID NO 65, SEQ ID NO 66, SEQ ID 
NO 67, SEQ ID NO 68, SEQ ID NO 69, and SEQ ID NO 70. 

11. An oligonucleotide having from about 13 to about 19 
nucleotides, which inhibits DNA methyltransf erase expression, 
and coitprises a nucleotide sequence selected from the group of 
Sequences in the Sequence Listings as SEQ ID NO 39, SEQ ID NO 
40, SEQ ID NO 41, SEQ ID NO 42, SEQ ID NO 43, SEQ ID .NO 44, 
SEQ ID NO 45, SEQ ID NO 46, SEQ ID NO 47, SEQ ID NO 48, SEQ ID 
NO 49, SEQ ID NO 50, SEQ ID NO 51, SEQ ID NO 52, SEQ ID NO 53, 
SEQ ID NO 54, SEQ ID NO 55, SEQ ID NO 56, SEQ ID NO 57, SEQ ID 
NO 58, SEQ ID NO 59, SEQ ID NO 60, SEQ ID NO 61, SEQ ID NO 62, 
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SEQ ID NO 63, SEQ ID NO 64, SEQ ID NO 65, SEQ ID NO 66, SEQ ID 
NO 67, SEQ ID NO 68, SEQ ID NO 69, and SEQ ID NO 70. 

12. The oligonucleotide according to claim 8, wherein 
the oligonucleotide has at least one internucleotide linkage 
selected from the group consisting of phosphorothioate, 
phosphorodithioate, alkylphosphonate, alkylphosphonothioate, 
phosphotriester, phosphoramidate, siloxane, carbonate, 
carboxymethylester, acetamidate, carbamate, thioether, bridged 
phosphoramidate, bridged methylene phosphonate, bridged 
phosphorothioate and sulfone internucleotide linkages. 

13. The oligonucleotide according to claim 12, wherein 
the oligonucleotide is a chimeric oligonucleotide comprising a 
phosphorothioate, phosphodiester or phosphorodithioate region 
and an alkylphosphonate or alkylphosphonothioate region. 

14 . The oligonucleotide according to claim 13 , wherein 
the oligonucleotide comprises a ribonucleotide or 2 ' -O- 
substituted ribonucleotide region and a deoxyribonucleotide 
region. 

15. A method for inhibiting tumor growth in a mammal, 
including a human, comprising administering to the mammal, 
which has at least one tumor cell present in its body, a 
therapeutically effective amount of an antisense 
oligonucleotide according to claim 8 for a therapeutically 
effective period of time. 

16. The method of claim 15, wherein the mammal is 
administered a therapeutically effective amount of more than 
one antisense oligonucleotide according to claim 9 for a 
therapeutically effective period of time. 
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